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SILICON 


CONTROLLED 





RECTIFIERS 


augmenting the industry’s broadest line 


With the addition of the 50-Amp Silicon 
Controiled Rectifier, now 
offers the industry the broadest line of 


Transitron 


Controlled Rectifiers available on the 
market today. 
Research and development efforts 


during the past year have already pro- 
duced an impressive array of types 
which include the following series 


TSW31S SERIES (TO-18 package)....... operating current range to 200mA 
TCR251 SERIES (TO-5 package)........ operating current range to 1 amp 
2N1595 SERIES (TO-5 package)......... operating current range to 1 amp 


2N1600 SERIES (7,/16” hex package)...operating current range to 3 amps 
TCR505 SERIES (7/16" hex package)...operating current range to 5 amps 
TCR510 SERIES (11/16” hex package) operating current range to 10 amps 
TCR520 SERIES (11/16” hex package) operating current range to 20 amps 


NOW AVAILABLE — NEW 50-AMP CONTROLLED RECTIFIER 


The latest addition to the Transitron line 
— the 50 Amp Silicon Controlled Rectifier 
— is a three-terminal, four-layer device de- 
signed to control very large load currents 
with small gate current signals. A mechan- 
ically rugged and electrically stable device, 
the new Controlled Rectifier is provided in 
the 1%.5” hex base stud-mounted package 
and is hermetically sealed. Wherever high 
power handling ability is required, the 
50-Amp Silicon Controlled Rectifier will 
find wide application ranging from fre- 
quency changing to welding control. 


TCR550 SERIES (1 6" hex package) 
operating current range to 50 amps 


Min. Peak 
Reverse Volt. 
and 
Min. Forward 
Breakover Volt. 


Max. Average 
Forward 
Current 

at 90°C case 
(amps) 


Package 
Configuration 


1Y%e6" hex 
15” hex 
1%” hex 
15” hex 
1%5” hex 


TCR4050 
TCR3050 
TCR2050 
TCR1050 
TCR550 


Requires 50mA to turn on 50 Amp 


For information on any or all of Transitron’s line of Controlled Rectifiers, 
call or write today for Bulletin TE-1356. 


Pioneering in new application techniques, Transitron applica- 
tion engineers have assembled information which demon- 
strates how “gate biasing”’ will improve the circuit reliability 
of the SCR. This iriformative booklet, entitled ‘““The Biasing 
of Silicon Controlled Rectifiers and Switches,’’ deals indi- 
vidually with each of Transitron’s Controlled Rectifiers and 
Switches. It is an indispensable aid to the design engineer 
seeking longer life and greater stability in higher temperature 
applications . . . It’s yours for the asking. 


WHY BIAS | eusinc 

CONTROLLED Sarees | 
RECTIFIERS f 

RECTIFIERS? 


AND ! 
SWITCHES | 
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electronic corporation 


wakefield, melrose, boston, mass. 
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NEW DEPARTURE PRODUCT 


MISSILES 


MINIATURE AND 
INSTRUMENT BALL 
BEARINGS 


Extensive range of ultra- 
precise ball bearings from 
%" to 1%" 0.D. Produced 
by New Departure to the 
most exacting requirements 
found in missile guidance 
systems and miniature 
mechanisms of all kinds. 
Write for catalog—PIB. 


AIRCRAFT 


AIRCRAFT BEARINGS 


Used in today’s most 
advanced engines. Main 
shaft and accessory drive 
ball bearings for turbine- 
driven and reciprocating 
engines. Designed for ultra- 
high speeds, heavy loads 
and high temperature in 
present and projected air 
and space vehicles. Write 
for catalog—ABC. 


APPLIANCE AND 
ELECTRIC MOTOR 
BEARINGS 
A line of quiet-running 
open, shielded and/or 
sealed ball bearing types 
for fractional and integral 
hp electric motors and 
machinery of all kinds and 
makes. Exclusive New 
Departure integral Sentri- 
Seals offer Lubricated-For- 
Life feature. Write for 

catalog—S. 


MACHINE 
TOOLS 


wT 


MACHINE TOOL 
BEARINGS 


A wide range of radial and 
angular contact ball bear- 
ings for spindles and lead 
screws, made to super-pre- 
cision tolerances. Also avail- 
able for gear box and other 
machine tool applications to 
precision tolerances. Write 
for catalog—S. 


INFORMATION 


IMPLEMENTS 


FARM IMPLEMENT 
AND EQUIPMENT 
BEARINGS 
Many types and sizes of 
integrally sealed bearings, 
specifically designed to 
reduce application and 
relubrication maintenance 
costs in farm implements 
and equipment of all kinds. 

Write for catalog—FiC. 
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MATERIALS 
HANDLING 
EQUIPMENT 


MATERIALS HANDLING, 
EQUIPMENT BEARINGS 


Heavy-duty sealed and 
Lubricated-For-Life ball 
bearings for belt and trolley 
conveyors, lift trucks and 
other types of materials 
handling equipment. Write 
for catalog—CB. 


WAyge@ei2.000 BALL BEARING TYPES, SIZES AND SPECIFICATIONS 
BD nany available with advanced design integral seais 


NEW LAND-RIDING 
SEAL (Crimped) 
Efficient single-lip seal protects 
against moist or dry contami- 
nants. Retains bearing lubricant 
for life. For farm implement discs, 
idler pulleys, automotive propel- 
ler shafts and rear wheels. Avail- 
able with metal trash guards. 


NEW SENTRI-SEAL 


N/D's most versatile seal... 
available in most single row, 
non-loading groove and small 
double row N/D ball bearings. 
N/D Sentri-Seals are recom- 
mended for general applications 
where moderate to severe con- 
taminant conditions exist. 


NEW TRIPLE-LIP SEAL 


Used where moist and dry con- 
taminant conditions are 
extremely severe. Seal elimi- 
nates relubrication mainte- 
nance. It's available in N/D 
square and round bore ball 
bearings with either spherical 
or cylindrical 0.D.s. 


Replacement Ball Bearings Available Through United Motors Service And Its Authorized Bearing Distributors 


NEw DEPARTURE 


DIVISION OF GENERAL MOTORS CORPORATION, BRISTOL, CONNECTICUT 
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NEW ARMOR-GARD SEAL 


Resistant to trash winding and 
abrasion, Armor-Gard seals are 
extremely effective under varied 
field conditions. Here's a highly 
efficient, low torque, molded 
synthetic rubber seal which is 
bonded to and protected by 
a heavy-duty steel shield. 


NEW LAND-RIDING SEAL 
(Pressed) and SENTRI-SEAL 


Exclusive heavy-duty conveyor 
ball bearing and seal combina- 
tion. Especially resistant to moist 
contaminant penetration. Land- 
Riding Seals (pressed) are also 
available for many farm imple- 
ment bearings. 












PLAIN SCORED 


CmvehiVSe3 Precision Insulations 


Here are the four basic styles in which you can get 
INMANCO bulk-pack coils in production lengths: 
PLAIN—Precision slit INMANCO coils, fabricated with 
machine feeding in mind. Coils are hard . . . feed uniformly 
through automatic inserters . . . give max. yield per roll. 
SCORED—Precision slit then scored with one or more 
scores or creases to permit easy bending when used on the 
production line as separators between windings. 


CUFFED—A bulk stock of given width between cuffs from 
which slot insulators of various depths can be cut, creased, 
scored, or formed. Usually single-cuffed coils are used, 
but double-cuffed are available. Both greatly improve edge 
tear resistance. 

CRIMPED—For transformer layer insulation applications. 
Have accordion pleats or folds along one or two parallel 
edges to obtain a barrier at the edge which prevents wind- 
ings from falling off. 

Standard rolls are approximately 15” in diameter, wound 
on cores of 14%”, 144", 2”, and 3” I.D. Normal tolerances 
in widths are +2% for widths under 1”, and +1” (or 1%, 
whichever is greater) for coils over 1” wide. The table at 
right lists the most popular styles and materials. However, 
the scope of INMANCO’s modern facilities can supply 
you with the exact put-up, size, and material needed for 
practically any application. Call in an INMANCO repre- 
sentative on your next job or send specifications and in- 
quiries to your nearest IMC office. 


Inmaneo’ 
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CUFFED CRIMPED 











NORMAL RANGE OF WIDTHS 
PLAIN COILS—*." and up (in any thickness) except 
Mylart and Mylar combinations which start at 4%”. 


SCORED COILS—%,” and up (in any thickness) except 
Mylart and Mylar combinations which start at 1%". 


CUFFED COILS—7" to 10” between cuffs. 
CRIMPED COILS—7%" to 24” between crimps. 





Material 


] Plain Scored | Cuffed Crimped 
| al Rag Papers Yes T Yes Yes Yes* 
| Tan Electrical Kraft Papers | Yes | Yes | Yes* | Yes* 
‘Fibre (Fishpaper) —*| Yes '| Yes |... | 
‘Paper-Varnish 7 

Cambric Combination Yes Yes Yes* 
| Mylart Film | Yes | ‘Yes* | Yes* ed 
| Mylart-Dacront ’ ; 
Matte Combinations Yes Yes Yes 
| Mylart Asbestos | Yes | Yes | Yes Yes* 
| Mylart-Paper Combinations| Yes | Yes | Yes | Yes* 
| Acetate-Paper | | 
Combinations Yes | Yes Yes* 


Yes* 


L 4 4 4 add 


*Depending on thickness DuPont trademark 
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check this for 


SERVOS AND SYSTEMS 


Designed from an overall 
specification . . . manufac- 
tured from your own assem- 
bly drawings...SUPERIOR’s 
carefully co-ordinated de- 
sign, performance and point- 
by-point inspection, creates 
Servo packages and systems 
with always dependable, 
SUPERIOR performance. 


GEAR HEADS & REDUCERS 


The finest, most complete 
line of standard gear heads 
and speed reducers... plus 
special units engineered 
specifically for individual 
needs ... produced with 
accuracy and speed, in the 
SUPERIOR way. 


INSTRUMENTATION 


SUPERIOR'’s creative design 
brings new units to advance 
the testing, controlling and 
teaching of servomechanics. 
The finest new electro-me- 
chanical instrumentation is 
always SUPERIOR. 


* no 
MINIATURE 
SERVO 
ASSEMBLY 





WRITE TODAY 
FOR FREE CATALOG 


%k The assembly shown above is part of a sophisticated system 
requiring the maximum in performance and reliability. It’s 
typical of a SUPERIOR solution to a customers space problem. 
The engineering know-how of SUPERIOR in the field of servo- 
mechanics can add to the total capabilities of its customers. 


SUJOSINOI 


manufacturing and instrument corp 





36-07 20th Ave., Long Island City 5, New York 
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HOW THE OCEAN GREW “EARS” TO PINPOINT MISSILE SHOTS 


A quarter of the world away from its launching 
pad an experimental missile nose cone enters its ocean 
target area. 

How close has it come to the desired impact point? 

Where actually did the nose cone fall? 


To answer these questions quickly and accurately, 
Bell Laboratories developed a special system of deep- 
sea hydrophones—the Missile Impact Locating System 
(MILS) manufactured by Western Electric and in- 
stalled by the U. S. Navy with technical assistance from 
Western Electric in both the Atlantic and Pacific Missile 
ranges. MILS involves two types of networks. 


e One is a long-distance network which utilizes the 
ocean’s deep sound channel. It monitors millions of 
square miles of ocean. The impacting nose cone re- 
leases a small bomb which sinks and explodes at an 
optimum depth for the transmission of underwater 
sounds. Vibrations from the explosion are picked 
up by hydrophones stationed at the optimum depth 
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and carried by cables to shore stations. Time differ- 
ences in arrivals between these vibrations at different 
hydrophones are measured and used to compute loca- 
tion of the impact. 


, The other is a “bull’s-eye” network that monitors a 
restricted target area with extraordinary precision. 
This network is so sensitive it does not require the 
energetic explosion of a bomb but can detect the 
mere splash of a nose cone striking the ocean’s 
surface—and precisely fix its location. 


The universe of sound—above the earth, below the 
»cean—is one of the worlds of science constantly being 
explored by Bell Laboratories. The Missile Impact 
Locating System reflects the same kind of informed 
ingenuity which constantly reveals new ways to im- 
prove the range of Bell System services. 
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Components, Electrical / Electronic 


Your Classification: 


% Key Problems in Microelectronics 


An objective examination of the current problems in large- 
scale development and use of microelectronic devices. The 
discussion is in terms of materials, techniques, reliability, 
yields, costs, standards, and design integration. 


Alex. E. Javitz, Special Features Editor, ELectro-TECHNOLOGY, 
New York, N. Y. 


Electro-Technology 1961 June p61 6 pp 


Components, Electrical / Electronic 
Batteries 


Your Classification: 


Electrochemical Energy Sources — 
Silver Oxide/Zinc Batteries 


The characteristics of silver oxide/zinc batteries are studied 
with respect to operating and design parameters in powering 
control systems and components for missile and space vehicles. 
Several types of these galvanic power sources are analyzed 
and classified for adoption into an operation system. Charts 
and tables evaluate characteristics of these batteries. 


R. W. Schult, Aerospace Corporation, Los Angeles, Calif., and 
W. T. Stafford, Space Technology Laboratories, Inc., El Se- 
gundo, Calif. 


Electro-Technology 1961 June p 84 7 pp 


Materials, Electrical/Electronic 


Your Classification: 
Electrical Insulation and Dielectrics 


* Effects of Corona on 
Vinyl Electrical Data 


Despite increasing use of vinyl insulation under corona condi- 
tions, there is lack of meaningful evaluation data on related 
performance. This report summarizes the results of a research 
program intended to rectify this situation. Data are given on 
the relation of various physical and electrical properties of 
vinyl tape to corona resistance, also the effect of various test 
and atmospheric conditions. 


M. Olyphant, Jr., Minnesota Mining & Manufacturing Co.., 
St. Paul, Minn. 


Electro-Technology 1961 June p 123 6 pp 


Components, Electrical /Electronic Your Classification: 


Magnetic Components 


Wound Cores Improve Transformer 
Performance 


The reasoning underlying a new three-phase transformer 
design using circular wound cores is given. Test data showing 
improvements over E-core equivalent designs are included. 


C. Ghaznavi, Gulow Transformer Co., Carlstadt, N. J. 


Electro-Technology 1961 June p 67 5 pp 


Science and Engineering 
Mathematics 


Your Classification: 


*% Vector Analysis 


Rigorous definitions of scalar and vector functions and fields, 
and their properties, are established. Primary vector laws, 
transformation and matrix methods are then developed, with 
application illustrations. 


M. L. Boas and J. J. Hupert, De Paul University, Chicago, 
Illinois. 


Electro-Technology 1961 June p91 20 pp 


Materials, Mechanical /Structural 
Metals 


Your Classification: 


Applications of Tantalum in 
Electronic Design 


Current and proposed development design uses for tantalum 
in electronic equipment are explored. The effects of properties 
and fabrication on design parameters are investigated and con- 
clusions as to the feasibility for certain designs are given. The 
text is supported by charts and graphs, and documented by 
cited references. 


D. J. May kuth, Battelle Memorial Institute, Columbus, Ohio. 


Electro-Technology 1961 June p 129 4 pp 
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e Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


Reprints available—see pages 160 and 164 


For your copy of the ELECTRO-TECHNOLOGY Subject Classification for Indexing, circle Numbe: 938 on postcard at end of book. 


Components, Electrical/Electronic Your Classification: 


Semiconductor Devices 


* Semiconductor Rectifier 
Characteristics 


Definitions of terms and description of forward and reverse 
characteristics. Design of circuits to be used in testing cells, 
including load tests. Discussion of possible misleading details 
to beware of in making tests. 


E. J. Diebold, International Rectifier Corp., El Segundo, Calif. 


Electro-Technology 1961 June p 72 8 pp 


Heat Flow Your Classification: 


Extended Surfaces for Heat Transfer: 
4—Optimum Shapes for Longitudinal 
Fins 
Radial Fins of Hyperbolic Profile 
The various primary profile forms for longitudinal fins are 
examined, and analytical methods of design for optimal heat- 
transfer and material use are developed. The hyperbolic-profile 


radial fin is also explored, and compared with the rectangular 
shape. 


A. D. Kraus, Sperry Gyroscope Co., Great Neck, L. [., N. Y. 


Electro-Technology 1961 June p 111 


RESEARCH HORIZONS this month .. . 


New concept in nuclear shielding of electronic assemblies is 
based on component geography in order of sensitivity to nu- 
clear damage. Reports from European correspondents 
deal with automatic machine for studies of contact metal 


surfaces and high-voltage relay design. . . . Epoxy conductive 


adhesives are evaluated. 


Shielding Electronic Circuits against Nuclear Radiation, p 10 
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Design Considerations 
Reliability 

Components, Electrical/Electronic 
Resistors 


Your Classification: 


Derating — Its Meaning and Limitations 


Critical review of current derating practices and philosophies. 
Practical, safe derating cannot be achieved in a design without 
careful consideration and evaluation of the component’s capa- 
bilities. Suggestions are offered for obtaining more realistic 
and useful results. Examples are cited from resistor derating 
practice. 


J. R. Isken, International Resistance Co., Philadelphia, Pa. 


Electro-Technology 1961 June p 80 4 pp 


Systems Your Classification: 
Power (Drives) 

Components, Electrical/Electronic 
Contact Devices 


Drive Developments Stressed at 
Machine Tool Forum 


Digest of selected papers presented at the 25th Westinghouse 
Machine Tool Forum. New drives and modifications of others 
are described, along with user experience with them. Small 
relays are evaluated and systems implications analyzed. 


An Exectro-TecHno.ocy Staff Report. 


Electro-Technology 1961 June p 119 4 pp 


COMING UP... 


Science & Engineering Series article for the July issue will be 
on the subject of Theory of Wear in Metals. Also scheduled 
for July: a Staff Report on the Oklahoma Relay Confer- 
ence, Electrochemical Energy Sources (nickel/cadmium 
batteries), Thin-Film Microelectronic Packaging, Firing 
Circuits for SCR’s, Analysis of Reactors Driving D-C 
Motors, Gear Train Backlash, Low-Carbon Steel for Lam- 
inations, and the concluding Part 5 in the current series on 


Extended Surfaces for Heat Transfer—Spines. 












Important 
news 


from 


Belden... 
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ML Magnet Wire by Belden is engineered for high temperature applications 
for motors, hermetically sealed relays, dry-type transformers, generators, 
encapsulated windings, plus a wide variety of electronic uses where 
temperatures up to 250C are encountered. 


Engineers are finding that ML’s heat stability and heat resistance are 
tremendous aids in miniaturization programs. High heat-shock resistance 
to 425C makes it ideal for applications where 
unusual overloads may be encountered. 

... What is ME? It is a new step forward in the development of 
a most remarkable insulation. 

. ML Polymer insulation is a DuPont development. 

. itis highly resistant to abrasion. 

. has excellent winding characteristics. 

. can be used as a replacement for all film-coated magnet wire except 

where solderability is desired. 

«.. can be used in conjunction with glass serving to achieve 
additional insulation characteristics. 

«.. has a dry dielectric strength of over 3,000 v/MIL. 

«.. Where “‘gassing”’ of the insulation has caused contact contamination in 
sealed relays, ML Magnet Wire is recommended. 

Belden ML Magnet Wire is available from stock. For technical data, 
specifications, and prices, write—Belden Manufacturing Company, 

P.O. Box 5070A, Chicago 80, Illinois. 


Other Belden Magnet Wire: Beldenamel*, oleoresinous * Beldsol*, 
polyurethane-nylon * Beldbond*, polyurethane-bonding agent * Beldure*, polyurethane « 
Beldtherm*, polyester * Celenamel*, cellulose acetate * Formvar, 

vinyl acetal * Nylclad*, vinyl acetal-nylon ¢ Epoxy 


One Wire Source for Everything Electrical and Electronic 


Belden lead wire » power supply cords + cord sets « portable 


cordage « electronic wire + control cables + automotive 
replacement wire and cable « aircraft wire 


WIREMAKER FOR INDUS 


SINCE 702 


*Belden T. M. Reg. U.S. Pat Off, 










In less than 5 years the “Lease Automatic 
Custody Transfer’ system has become one of 
the significant advances that automation has 
brought to the oil fields. Unknown a little over 
5 years ago, there are now more than 200 
National Tank Company LACT systems speed- 
ing the handling of crude everywhere in the oil 
country. Governing the system is a Backwash 
Filter Programmer Control Panel, by Instru- 
ments, Inc.... and at the heart of the panel, an 





INTERVAL TIMERS RUNNING TIME METERS 


@ ANINDU 


TIME DELAY TIMER 


at the heart of LACT automatic crude oil handling 
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Industrial Timer Corporation Series SF time 
delay timer. 


Wherever precise timing controls are required 
for industrial processes or in equipment, Indus- 
trial Timer Corporation has the wide range of 
precision instruments and the wide experience 
to meet vour need. If timing is of the essence 

. take the time to consult an Industrial Timer 
expert. Phone or write us. 





RECYCLING TIMERS 


TIME DELAY TIMERS 


lnoustaiA INDUSTRIAL TIMER CORPORATION 


TIMER 1402 McCarter Highway, Newark 4, New Jersey 
CORPORATION 

Manufactured and sold in Canada by 
Ses »  SPERRY GYROSCOPE OTTAWA LIMITED + 3 Hamilton Ave., Ottawa, Canada + PA 8-4681 
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RESEARCH Horizons 


Edited by Avex. E. Javitz, Special Features Editor 


Associate Editor for This Issue: Harotp E. BAarRKAN 


High-Voltage 

Relay Design 

The insulation problems inherent in 
the use of electromagnetic relays 
under high-voltage conditions are said 
to be overcome in the design of a 
British-patented relay that employs as 
principal elements a beam of light and 
a photocell in the following manner. 

The beam is produced by a neon 
glow-discharge tube inside a plastics 
housing which defines the path for 
the light beam, acts as insulation, and 
excludes external light. The circuit 
being monitored incorporates the neon 
tube and is arranged to energize the 
latter in case of fault conditions. The 
emitted light causes the photocell to 
operate an ordinary low-voltage relay 
which in turn operates an alarm. 

In one application, the device oper- 
ates satisfactorily with as much as 8 
kilovolts between the neon tube and 
the photocell, the low-voltage relay 
being near to ground potential and thus 
presenting no insulation problem. For 
use at still higher voltages, where in- 
sulation problems require the distance 
between neon cell and photocell to 
be increased, a light-guide of glass or 
methyl! methacrylate rod may be in- 
serted to give better light transmission. 

The design originates at the Harwell 
Atomic Energy Establishment. 


Experimental Fibrous 
Potassium Titanate 


Several interesting applications are 
being investigated for DuPont’s experi- 
mental fibrous potassium _ titanate 
(Tipersul), among them: 

@ Thermal Insulation. Compact, 
lightweight thermal insulation, for a 
hot-face temperature of up to 2200 F, 
is now possible because of the ex- 
tremely low “K” factor and low density 
of this material. Complex shapes can 
be fabricated by molding techniques. 

© Infrared Reflection. The high re- 


fractive index (2.2-2.4) and fiber di- 
mensions provide an unusually high 
opacity to infrared radiation. 

e Reinforcement of Plastics. Small 
fiber dimensions permit homogeneous 
dispersion in most resin systems, which 
can result in improved tensile proper- 
ties, wear resistance and reduced creep. 

e Electrical Insulation. A summary 
of properties is given in the accom- 
panying table. 


Electrical Insulation Properties of 
Fibrous Potassium Titanate 


| Dielec- 

tric con- 

stant, Dissi- 

100 kc/ | pation 
factor 
5 0.06 
5 0.06 
7 0.09 


Temper- 
ature, 
deg F sec 

77 | Hi 
392 3. 
572 3. 


Resistivity, 
ohm cm 


3.3 X 10% 
3.2 X 10° 
3.4 X 10° 


Automatic Machine for 
Contact-Surface Evaluation 


Studies of the effect of environment on 
the mechanical and electrical proper- 
ties of surface films on contact metals 
can be considerably facilitated by a 
machine for automatic surface sampling 
and contact-resistance evaluation, de- 
veloped at the British Post Office Re- 
search Unit by Dr. A. Fairweather. 
The following facilities are provided 
by the machine: ten loads are available 
and a plate 2 in. sq can be tested at 
a thousand different places; each ob- 
servation occupies 4 sec. 

The test sequence at each place is 
as follows: a probe is lowered gently 
onto the place and, when stationary, 
the contact resistance is measured and 
classified automatically. The probe is 
then “wiped” and, when again station- 
ary, a similar evaluation is made. This 
procedure is repeated for each of seven 


loads (10, 20, 50, 100, 200, 500 and 
1000 gm), or until one or other of the 
two sets of contact resistances fall 
within a specified range. The remain- 
ing three loads can be applied manually 
when it is necessary to explore a par- 
ticular load interval in detail. 

Resistance measurements are made 
with a four-terminal bridge arranged 
so that the open-circuit voltage at the 
“unknown” terminals cannot exceed 
100 mv, and the current through the 
specimen cannot exceed 20 ma. A 
switching unit takes the place of the 
variable arm in the bridge and substi- 
tutes, in turn, one resistor from a group 
of five. When the bridge condition 
passes through a balance as a conse- 
quence of bringing a particular resistor 
into the circuit, the event is recorded on 
one of a group of five meters corres- 
ponding to the resistance classifications 
used. 


Micro-Notes .. . 


Basic investigation of samarium-sulfur 
and cerium-sulfur systems at the West- 
inghouse Materials Laboratories has led 
to the development of two new varieties 
of these compounds for advanced ther- 
moelectric application at temperatures 
as high as 2000 C. Du Pont’s 
Central Research Department is re- 
ported to have developed experimental 
organic compounds with extremely low 
resistivities of the order of 0.01 to 
100 ohm-cm; chemically, these com- 
pounds are identified as anion radical 
derivatives of 7,7,8,8-tetracyanoquino- 
dimethane (TCNQ) .. . . Suggested 
for use in nuclear shielding, fuel-cell 
electrodes and magneto-gas dynamic 
studies is a new family of metallo- 
ceramics (cermets) developed in re- 
search quantities by Electronic Ma- 
terials Corporation, Santa Monica, 
Calif. These compounds are character- 
ized by epitaxial association, differing 
in this respect from normal cermets. 
Wide range of properties is said to be 
obtainable. 


rr sss 


Epoxy Conductive Adhesives for Electronic Bonding 


The high temperatures normally re- 
quired for lead-tin soldering become 
a major problem in critical electronic 
assemblies employing dissimilar metals, 
etched circuits, semiconductor devices 
and similar component elements. Con- 
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siderable attention has therefore been 
given to conductive adhesives as an 
alternative means for joining compo- 
nents, 

In an investigation at the Bendix 
Aviation Corporation, Kansas City Divi- 


sion, by Ray L. Martin, project process 
engineer, nine epoxy-resin compounds 
loaded with a high concentration of 
silver flake or other conductive media 
were tested for electrical resistance and 
bond strength. From the values given 
in the accompanying table and the 
conclusions that follow, it is obvious 
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that conductive adhesive is 
suitable for all applications. Each par- 
ticular application must be analyzed by 
the design engineer. He must determine 
first whether or not an improvement in 
the quality of the assembly can be 
achieved by using a ad- 
hesive in place of solder. Next, he must 
determine which of the available con- 
ductive-adhesive formulations will meet 
the requirements as to resistance and 


bond strength. Then, he must determine 


no one 


conductive 


Test blocks and test 
fixture with a test 
block assembly in 
position for evalu- 
ating conductive ad- 
hesives for elec- 
tronic assembly. 


whether or not the curing temperature 
and curing time are compatible with 
the components. As a final step, he 
must consider how the use of conduc- 
tive adhesive fits in with the processing 
of the assembly through production. 


Resistance and Bond Strength of Conductive Epoxy-Resin Adhesives 





Average tensile strength, psi | 








-—— —_—, ———— Curing 
Average Sand- Tin- temper- 
Adhesive resistance, Smooth’) blasted | Smooth | plated ature, Curing 
formulation* ohms steel steel copper | copper deg F_ | time, hr 
aiieubsi —|—- ---—-- Fae aia Saesiial aan taaaatd aetca armen * 
A-1 | 4 3769 4180 1947 2263 120 | 2 
A-2 |} 5.19 Kk 10° 1360 | _ - — 120 2 
| 
B-1 | 1.24 3248 | 2940 2830 2808 | 140 2 
B-2 | 0.6 | 270 | 45 75 59 | 140 14 
| | | | | 
| 
C-1 |} 2.9 X 10% 5935 | 5914 | 4960 | 5104 | 165 16 
C-2 | 4.5 X10" 6000 | 5050 | 4080 | 4320 165 16 
C-3 | 1.6 xX 10° 6280 | 4960 | 4680 | 2725 | 165 16 
C-4 6.2 X 10 5360 | 3800 | 4450 | 3830 | 165 16 
C-5 |} 3.5 X10 6240 | 4140 | 4420 | 2720 165 16 
| | | 
*® Epoxy resin, silver flake, or other conductive medium. Note: For comparative purposes: 


» Test blocks (see Figure) 


Research Note 


measured resistance of solder bond, 6 * 10-7 ohms 
tensile strength of 60/40 solder bond, > 10¢ psi. 





Conclusions 

e Adhesive A-l proved to be of ques- 
tionable value for use in many electronic 
assemblies. It could be satisfactorily used, 
however, in bonding leads to a high-re- 
sistance element where the resistance of 
the adhesive is negligible in relation to 
the overall resistance. 

e Adhesive A-2 had a fairly satisfactory 
resistance value. The conducting medium, 
however, was coarse enough to prohibit 
its use on small, delicate parts. Both of 
these adhesives had a low curing tempera- 
ture and a short curing time. 

e@ Adhesive B-l had a satisfactory re- 
sistance value and good bond strength. 
This adhesive should do for all but critical 
applications. It also had a low curing 
temperature and a short curing time. 

e Adhesive B-2 had good resistance 
characteristics, but practically no bond 
strength. This material was designed pri- 
marily for use with etched-circuit boards 
where the bond strength is not an im- 
portant parameter. 

e@ Adhesives C-1 through C-5 show much 
better resistance and bond strength charac- 
teristics than the other adhesives tested. 
The different resins used showed small 
variations, but all were of a similar mag- 
nitude. The long curing time required for 
this group, however, could be a distinct 
disadvantage in a great many applications. 


Shielding Electronic Circuits against Nuclear Radiation 


EXPERIMENTAL EVIDENCE has shown that two 
of the major damage mechanisms in elec- 
tronic components resulting from nuclear 
radiation are the ionization phenomenon 
and the disruption of lattice structure. 
Ionization can occur within the materials, 
on surfaces, and in the surrounding air. 
This ionization, which can be caused by 
both neutron and gamma radiation, creates 
current paths which, in turn, may increase 
d-c leakage, discharge capacitors, decrease 
volume resistivity of insulation and, in gen- 
eral, induce current flow between points of 
potential difference, even in air. The lattice 
dislocations are caused primarily by ener- 
getic neutrons with energies greater than 
100 kev. Alterations of the internal atomic 
structure of materials result in changes of 
structure-sensitive properties such as re- 
sistance, dielectric constant and magnetic 
permeability. 

Perhaps the most obvious method of 
preventing radiation-induced malfunction 
of electronic components and systems is 
the use of nuclear shielding. However, size 
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and weight considerations of conventional 
shielding techniques make these methods 
unsuitable for modern, portable equipments. 

In most cases, it has been recognized that 
radiation resistance of electronics systems 
will be realized only by development of 
components and circuits specifically for that 
purpose. However, a new concept in nuclear 
protective techniques may find limited ap- 
plication in developing and fabricating 
electronic circuits less sensitive to radia- 
tion. The essence of this technique, called 
“proximity shielding,” is as follows: the 
component parts of the circuit under con- 
sideration are so arranged that the devices 
most sensitive to neutrons are located in 
the geometric center of the assembly and, 
as far as is practicable, the remaining com- 
ponents are arranged in order of decreas- 
ing sensitivity, the least sensitive parts 
placed at the periphery. The entire assem- 
bly is then encapsulated with an organic 
insulating material whose electrical prop- 
erties will remain as nearly constant as 
possible during irradiation. This combina- 


tion of the organic encapsulating material 
and the specific arrangement of components 
in order of radiation sensitivity should 
render a circuit less susceptible to neutron 
and gamma irradiation. The encapsulant 
will reduce air and surface ionization and 
will at the same time attenuate fast neu- 
trons. (The chemical elements hydrogen 
and carbon, which are the major consti- 
tuents of organic dielectric coatings and 
encapsulating materials, are good neutron 
attenuators.) The proper placement of the 
components insures maximum protection 
for the most sensitive components. 

The encapsulation of electronic com- 
ponents in radiation effects studies has 
been practiced for some time, usually in 
the form of a film or coating of paraffin, 
silicone grease, or epoxy resin. Experi- 
mental evidence has shown that the ioniza- 
tion effects on most components are sub- 
stantially reduced in this manner. It has 
also been shown, however, that a device 
shielded by plastics materials is subjected 
to a greater thermal-neutron flux than an 
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unshielded device under otherwise identical 
exposure conditions. If thermal neutrons 
constitute a potential threat to the com- 
ponents by themselves, or by being cap- 
tured to produce an increased gamma flux, 
some thermal-neutron absorber, such as 
boron (which captures thermal neutrons 
without the emission of gamma rays) could 
be added to the encapsulant formulation. 
Other additives may also be required for 
such functions as heat dissipation. 

A preliminary set of experiments has 
been carried out for the purpose of estab- 
lishing the exact relationship between the 
thickness of an epoxy plastic shield and 
the extent of damage caused to a com- 
ponent inside the shield. In this particular 
investigation, the known susceptibility of 
semiconductor devices to nuclear radiation 
damage led to the selection of a transistor 
as the component tested. 

This study consisted of using a quantity 
of these devices, a set of “fitted” epoxy 
shields of various thicknesses, appropriate 
dosimetry (sulfur pellets for neutrons with 
energy greater than 2.9 mev and gold and 
gold-cadmium foils for thermal neutrons) , 
and a source of radiation—the Godiva II 
reactor at Los Alamos Scientific Laboratory. 
No transient electronic effects were con- 
sidered. However, the permanent damage 
caused is worth examining. 

A device surrounded by 1.4 cm of an 
epoxy plastic such as was used in this study 
can exist in a radiation environment about 
10 per cent greater without an increase in 
the extent of permanent damage; when 
surrounded by 8.5 cm of epoxy, the device 
can exist in a neutron field three times as 
strong, still with no increase in permanent 
damage. 

The dosimetry data taken during this 
investigation permitted the assignment of 
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tion effects on a shielded electronic device. 


©-Unshielded 


8-Inside doses for |1.41,4.23, and 845cme 
4-Iinside doses for 2.69 and 5.38 cm epoxy 


Multiplication factor (ratio of actual neutron flux on 
a device inside a shield to measured incident flux) for radia- 
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Per cent 


an “actual” neutron flux that the device 
is experiencing inside the shield for any 
measured “incident” flux. The ratio of 
these two is expressed graphically in Fig. 1 
and is known as the multiplication factor. 
It can be seen from this graph that, as the 
thickness of the shield is increased, the 
attenuation or reduction in flux of fast 
neutrons increases substantially. On the 
other hand, the intensity of thermal neu- 
trons (E > 0.025 ev) increases consider- 
ably as the thickness increases. 

Figure 2 shows the damage level vs the 
“actual” fast neutron dose. This is the 
“inside the shield” dose. It can be seen 
from this curve that the amount of perma- 


nent damage done to the transistor by doses 


above 2 X 10° nvt (fast —E > 2.9 mev) 
is directly dependent on the logarithm of 
the fast neutron dose plus the gamma 
radiation produced by the reactor plus the 
gamma radiation produced in the shield by 
the presence and capture of neutrons. Since 
the gamma field produced by thermal- 
neutron capture is proportional to the num- 
ber of thermal neutrons, the number of 
thermal neutrons increases with shield 
thickness, and the damage decreases with 
shield thickness; the damage must there- 
fore be caused primarily by fast neutrons. 
However, below 2 X 10° nvt (fast) the 
damage seems to remain unchanged, within 
the limits of the observations, indicating 
that some other mechanism or type of 
radiation is responsible for part of the 
total damage. 

The transmission of fast neutrons through 
any shield can be calculated using the 
effective removal cross-section for that 
material. The resultant curves in Fig. 3 
indicate that the lower the energy of the 
neutron, the less chance it has of getting 
through the epoxy shield. This is true if 


we consider only sufficient thicknesses of 
epoxy to allow but one scattering phenom- 
enon per neutron. However, as the thick- 
ness increases, and as multiple scattering 
takes place, more and more of the slow 
and thermal neutrons are scattered around 
in the shield and the resultant flux at the 
center is much higher, as observed in 
Fig. 1. The ratio of the observed transmis- 
sion to the calculated transmission is called 
the build-up factor, which is plotted vs the 
shield thickness. Results may be used to 
predict the actual neutron flux inside epoxy 
shields of varying thicknesses. 

This investigation has shown that shield- 
ing, though tending to be quite bulky, is 
an effective method of decreasing the fast- 
neutron flux. If the lattice dislocations 
produced by this type of nuclear radiation 
were the only concern, the problem would 
be solved. However, certain practical as- 
pects of shielding must be studied more 
closely, primarily factors involving size and 
weight. 

The use of proximity shielding is not 
presented as a cure-all for nuclear-radia- 
tion-sensitive components and circuits. It 
is rather a technique that can be employed 
now to lower the susceptibility of some 
critical electronic circuits. 


A. L. LONG 

Great Valley Laboratory 
Burroucus CORPORATION 
Paoli, Pennsylvania 


S. M. ESPOSITO and 
E. T. HUNTER 

Electronic Components Research 
Department 

U. S. Army SicgNAL RESEARCH AND 
DEVELOPMENT LABORATORY 

Fort Monmouth, New Jersey 
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4 5678 10" 


»,£ 22.9 mev 


Fig. 2—Damage level compared to the actual fast neutron dose 
as seen inside the shield. Since damage is caused primarily by 
fast neutrons, damage decreases with shield thickness. 
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Fig. 3—Calculated attenuation of neutrons by epoxy shields 


for varying degrees of neutron energy. 
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Nvt (incident) 


A -Unshielded 

B-1.41 cm epoxy 
C-4.23cm epoxy 
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IN AMPLIFIER CIRCUITS 


In a common emitter amplifier, with emitter feedback, high-beta 
transistors offer the following advantages: 

1. Comparing high and low beta transistors in an identical 
operating circuit with typical beta spreads of 2 to 1, the 
use of high-beta transistors provides reduced loading on 
the bias network thereby reducing the shift in the DC 
operating point. 













2. The voltage gain of the circuit is: Ay = — ee 
IN 
Ri 
ox + - a 5 
mits ize —~ +re+ Re 
5 dependent on beta as beta is increased: A, ~ -_. 
e . E 

os 06 OF 08 OF 1 3. The ne impedance, Rix, excluding the bias network is 
asmnth eaedies : Rix === rn + (re + Re) (1 + 8). Thus, the input im- 


L 
pedance is much higher if high-beta transistors are utilized. 


IN SWITCHING CIRCUITS 


Higher hre offers the following switching circuit advantages: 


1. Less power required from the driver circuit. Eliminates one 
driver circuit stage or gives a much greater design margin. 


2. Shorter rise time if high hre unit is substituted for low 
hre in identical circuits. 
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Now get maximum circuit economy with Texas Instruments 2N1980 series high-beta 


germanium power transistors. Increased power gain gives you: fewer components for 
; x a | ; same circuit results; or equal components for better circuit results — either way, your 
; : ; circuits give increased performance at less cost. 

; p ; With TI 2N1980, 2N1981, 2N1982 high-beta power transistors you get more power 
; i ; gain than any standard TO-36 device available today. You also get industry’s lowest 
; 7 ; profile TO-36 package for more compact designs. TI’s exclusive 2N1980 series manu- 
; , a ; facturing process assures you constant — predictable — guaranteed high beta 
; . : performance. 

ACTUAL SIZE Call your local TI Sales Engineer or TI Distributor today for immediate price and 
Liowwew nnn nnn nnwneeeeeeed =technical information...including applications assistance. 


Send today for your 
SEMICONDUCTOR-COMPONENTS 
personal copy of the new DIVISION 


TI 2N1980 Application Note, PLANTS IN DALLAS. TEXAS 
ai eA BEDFORD, ENGLAND 
Circulation Stabilization Using AND NICE. FRANCE 
High Beta Transistors.” 
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IN SQUARE CORE OSCILLATORS 


The starting bias depends on the voltage divider R: and Rz. With 
a typical Vue of 0.4 volts to start oscillations, appreciable power 
is lost in Re when R; is small. For low beta transistors R: must 
be small to provide enough feedback current to guarantee collector 
saturation. This results in high bias power loss in Re. By using 
high-beta transistors, R: and Rz may be increased in value — 
resulting in lower signal and bias power losses. 


The peak collector current (shown in the above figure) in a square 
core oscillator can vary with a change of Var. For a given spread 
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of transistors, Vsx can vary as much as 1.0 volt. High beta tran- 
sistors may be used to reduce the effect of changes in Vzr on peak 
collector current. The maximum current spike for a given spread 
of transistors occurs in the highest beta units under conditions 
of peak base current. 


Peak base current and peak collector current vary inversely with 
Vue. Therefore, by using high-beta transistors, R: and the base 
winding voltage may be increased, minimizing the effects of Vax. 


ERMANIUM POWER SERIES 


Immediate Circuit Improvement . . . with Tl 2N1980 Series 
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THE FIRST AND FINEST IN 

CONVERSION COATINGS FOR 

BRASS, ZINC, CADMIUM, 
COPPER, ALUMINUM 





The Chemical Corporation offers a com- 
plete line of uniform-controlled chromate 
conversion coatings that provide maxi- 
mum protection in one, low-cost, simple 
operation. Available for immediate de- 
livery as liquids or powders. 


clways specihy lustir-on 


FOR BRILLIANT CORROSION-RESISTANT FIN- 
ISHES . . . rivaling chrome for many appli- 
cations where cost is a factor. Long-last- 
ing, easily controlled application. 


FOR CLEAR, BRIGHT and IRIDESCENT COAT- 
INGS . . . gives striking, attractive appear- 
ance with complete corrosion-protection 
... even when humidity and handling are 
involved during processing. Also yellow 
iridescent and olive drab for concealed 
parts or as a paint bond. 


FOR DECORATIVE COLOR .. . on low-cost 
zinc. Brilliant golds, yellows, blues, 
greens, violets, reds, brass and copper 
hues. 


FOR ALUMINUM .. . replacing costly ano- 
dizing where surface hardness is not of 
prime importance. Excellent finish for 
paint bonding. Save 25% or more with 
Luster-on complete package treatment: 
cleaners, de-oxidizer, sealer, 


FOR LASTING BRIGHTNESS . . . on both 


copper and brass without noxious fuming. 


FOR DIE-CASTINGS . . . one quick dip pro- 
vides uniform finish, ideal as a base for 
painting. 





Je’d like to show you what Luster-on can 
offer you! Send in sample part today for 
free processing. Data sheets on request. 


BLAKODIZE* . . . chemical black treatment 
for steel, provides lustrous, rich, black 
finish with good degree of penetration and 
rust resistance. 

*T.M. Reg. 
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Random Comments of the Editors and Readers 


Business and/or Ethics 


We are somewhat disturbed by the im- 
plications of a little rhetorical shell- 
game we recently encountered in a 
(partial) reprint in the pages of Ad- 
vertising Age (April 17 issue) of a 
booklet issued by Lippincott & Mar- 
gulies, New York industrial designers. 
To quote: 


“We are, for example, opposed to ‘phony’ 
obsolescence, which we define as the doc- 
toring up of an existing product with 
chrome gewgaws and meaningless gim- 
crackery in attempt to make last year’s 
model look ‘new’ to the unsuspecting 
customer. 


So far, well and good. But... 


“We are not, however, opposed to this 
practice on ethical or moral grounds. 
Rather we are against it for the far 
more persuasive reason that, in the long 
range [sic], it just isn’t good business.” 


(Italics ours.) Now just where does this 
slippery solecism leave us? Is there 
anything intrinsically wrong with “ethi- 
cal or moral grounds” in this context? 
Are “business” reasons really “far 
more persuasive” than ethical or moral 
reasons? May we infer a corollary— 
that if the business reasons are good 
and sufficient, the ethical and moral 


considerations can go hang? —w.E.A. 
Inventor vs Designer 
In the article “Stroboscopic Digital 


Readout,” appearing on p 162 in May 
EvLectro-TecHno.ocy, N. J. Appleton 
was incorrectly called, in a footnote, 
the designer of the Digistrobe Digital 
Display. Actually, Mr. Appleton, who 
is now director of the Research and 
Advanced Development Department of 
Kearfott, was the inventor. J. B. Meis- 
ter, the author of the article, reports 
to Mr. Appleton as the senior engineer 
in charge of this project. 

H. HELLMAN 

Technical Information Manager 

Kearfott Division 

General Precision, 


Editor's comment: Alas, that inferior 
connotation of the word “designer” crops 
up again. In appending the footnote, the 
Design Trends department editor did not 
mean to imply that Mr. Appleton was a 
draftsman or was subordinate to author 
Meister. He unwittingly used the con- 
traction “designed by” in place of 


Inc. 


“originator of the design” as Mr. Appleton 
had been described, in the “fine arts” 
sense, in earlier correspondence. 

Those to whom ELEectrro-TECHNOLOGY 
is directed (at no charge to them) are 
qualified as readers solely on the basis 
that they perform one of a_ half-dozen 
design-engineering functions, such as prod- 
uct or systems design engineering, R & D, 
materials or components evaluation and 
test, standards and specifications, and prod- 
uct testing. A VP in charge of engineering 
qualifies under these categories, a general 
manager does not. A few years ago we 
qualified a board chairman as a reader 
because most of the firm’s product patents 
were the results of his “strokes of genius.” 
He was an inventor in the strict legal 
sense. 

To the defense of a good functional 
title comes Crestmont Electronics which, 
in its annual report, refers to its new chief 
engineer and director of research with 
such words as “developer,” “holder of a 
number of patents,” and “among products 
which he designed.” More power to the 
design engineer. F.J.O. 


THIS MONTH’S COVER 


Electro-Technology 





Cover artist Jan van Eerde has given us a 
free interpretation of defining a _phe- 
nomenon or condition in space in rela- 
tion to coordinate axes which, taken in 
pairs, form planes. Analyses of fields, the 
underlying principle of coordinate axes 
(either rectilinear or not), and other 
aspects of vector methods are presented 
fully in this month’s Science & Engineer- 
ing article, “Vector Analysis,” starting 
on p 91, 
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New Westinghouse BF relay 


Shrinks machine control relay 
panel space 33". to 78% 
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see for yourself how many new Westinghouse BF relays 
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General characteristics 
of the 
Westinghouse BF relay 


Dimensions 


Without base plate: 1" 
With base plate: ee 


a 
W NO 


Operating time 
Pickup: 12.5 to 18.0 milliseconds 
Dropout: 6.25 to 12.5 milliseconds 


Relay can be operated manually 
to test circults. 


4 and 8 pole frames in any combi 
nation or normally open and 
normally closed contacts with a 
maximum of 4 normally closed 


Contact rating—6 amps, 300 volts 
AC. 60 amperes inrush 


Relay can be mounted in any position 
ona veftical surface without chang: 
ing operational characteristics 


The Westinghouse BF relay 
provides these features 


eup to 78% less mounting space 
required 


e front accessible 


e can be butted without extra space 
for wiring 


e quick coil and contact changes 
when needed 


e low operating temperature 
e lower installed cost 
e long service life 


e magnet and armature have special- 
ly hardened pole faces 


e shorter operating stroke 
e lightweight operating parts 
e silver alloy contacts have built-in 


wiping action for prolonged circuit 
continuity 


How the new 
Westinghouse design 
assures reliability 
and durability 


EASILY WIRED 


1. All connections are wired from the front with 
pressure clamp terminals 


OUTSTANDING CIRCUIT CONTINUITY 


?. Proper contact wipe is built-in for long life 


of the silver alloy contacts and for positive 

circuit continuity. 

Contact bounce is minimized by unique mag 

net suspension that eliminates shock and jar 
. Automatic, positive alignment of crossarm 

insures simultaneous contact of all poles 


POSITIVE OPERATION 


5. Stainless steel kickout springs permit any 
mounting position on a vertical surface 
independent of gravity 


LONG MECHANICAL LIFE 


6. In addition to preventing contact bounce, the 
magnet suspension cushions the contact be- 
tween armature and magnet, protecting en 
tire unit from shock 
Low mass and short stroke, possible only 
with a small relay, save wear on every moving 
part. 

Pole faces are surface hardened to maintain 
desired air gap 


MINIMUM POWER LOSS 


9. Closed gap coil loss is only 3 watts for low 
coil operating temperature. Open coil burden 
70 volt amps; closed, 11 volt amps 


EASE OF MOUNTING 

10. Steel base has keyhole slots for rapid instal 
lation, extends only into wiring area to avoid 
space waste, and may be removed if desired. 
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Westinghouse engineers have helped solve the design problem caused by the enlarged control 
panels needed to operate highly complex automated machine tools. The new Westinghouse 
BF Control Relay although compact in size... has a rated full load current of 6 amperes at 
300 volts AC. In new or modernized facilities, it assures more productive capacity per square foot 


from every automated machine tool. 


Type BF—60 cycles 


Ordering information 


BF Relays are available direct through your 
nearest Westinghouse representative. When 
ordering be sure to specify the total number 
of poles desired, including the number of 
poles open and the number closed. Also 
specify coil control voltage and cycles. The 
chart at the left shows some of the most 
widely used relays with 110-volt, 60-cycle 
control voltage. Consult your Westinghouse 
representative about other BF Relays which 


are 


| 
| 
| 
| 
| 
a 
| 
| 
| 


available. Or write Westinghouse Stand 
1 Control Division, Beaver, Pa 


You can be sure... if its Westinghouse 





Lockheed F-104A Starfighter with 
aluminum surfaces protected by Iridite 14-2. 


Designing For Cost Conscious People? 
Then Read... 


How QLUPTETD Helps Lockheed 


Cut Aluminum Finishing Costs 


Nine years ago, Lockheed switched from 
anodizing to lIridite chromate conversion 
coatings. That year, they saved over $40,000 
in materials and manpower. 

Today, Lockheed is still saving money with 
Iridite 14-2. Here’s how: 

Process time is reduced from 45 minutes to a 
maximum of only 5 minutes. Three times as 


much work is processed in a single run. 
Easy-to-load baskets, replacing costly anodiz- 
ing racks, save $15,000 per year. Expensive 
electrical equipment is eliminated bécause 
Iridite is a simple chemical dip. 


Moreover, Iridite 14-2 gives improved corro- 
sion resistance, easily meeting MIL-—C-5541, 
and provides excellent paint adhesion. 


More than likely, Iridite can save you money and give you better finishing 
results than your present method. Discuss it with your Allied Field 
Representative. Or, write for literature. 


Allied Research Products, TNC. 4004-06 east MONUMENT STREET © BALTIMORE 5, MARYLAND 
BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 
West Coast Licensee for Process Chemicals: L. H. Butcher Co. @ European Agent: Sture Granberger, Storgaton 10, Stockholm, Sweden 
Cini on ooo | QT | QINS?| EID} LD?) CIID 
chemical Processes, Anodes, 
Rectifiers, Equipment end Supplies for Metol Finishing Chromates Coatings Brighteners Supplies Equipment 
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SOLA writes this new 






Unregulated 
AC input 


CVQ 


This schematic tells ‘‘CVQ’s’’ secret at a glance... 
how SOLA’s remarkably reliable new power supply 
achieves d-c output ideal for computers and other volt- 
age-sensitive equipment. “CVQ” integrates the advan- 
tages of shunt-circuit regulation with the inherent high 
stability of the SOLA static-magnetic transformer. And 
the result is transistorized voltage regulation with split- 
cycle response! 

“CVQ” answers the demands of dynamic loading. 
Voltage variations are ironed out down to the last tran- 
sient — even to the last ripple of the a-c source. And 
the SOLA static-magnetic transformer automatically 
prevents damage in event of a short circuit. 

SOLA “CVQ” d-c power supplies are available right 
now, in a wide range of ratings; also in custom units 
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for reliable d-c power 


Regulated 
D-C output 


Voltage 
Sensor 
and Pre-Amp 


built to your specific requirements. Advantages include: 
@ More watts per dollar. 


e@ Continuous automatic protection without fuses, both for 
output short circuits, and for open circuits in the voltage- 
sensing circuitry. 

® Output regulated within +0.04% for line voltage variations 
+15%; 0.2% static-load regulation, 0 to full load. Excel- 
lent response time. 


@ Standard models available in the 120-watt range for 5, 6, 
10 and 12 volts d-c (100-130/181-235/200-260 volt input). 


@ Compact mechanical layout — only 1214 x 514 x 19”. 


Get full facts by writing for new SOLA Catalog DCX- 
361A. Or telephone HEmpstead 9-2800, Elk Grove 
Village, Illinois. 


SOLA ELECTRIC CO. 
Busse Road at Lunt, 

Elk Grove Village, III. 
HEmpstead 9-2800 

IN CANADA, Sola-Basic 
Products Ltd., 377 Evans 
Ave., Toronto 18, Ontario 


SOLA 


A DIVISION OF 
BASIC PRODUCTS CORPORATION 
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Take your pick... 

1,2 or 3 normally open, 
normally closed 
electrical 


circuits 


THE NATIONAL ACME CO 
CLEVELAND, O 
MADE IN U.S.A 


PENDING 


4 —_ — 
Acme 225 
CLEVELAND 8, OHIO 
Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
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Poly-Thermaieze®—Patent applied for. 
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« Best balance of overall properties without 
sacrifice of any one property! 


m High dielectric for thermal protection at 
operating temperatures (Class F 155C)! 


m Cost reduction benefits through standard- 
izing inventory to one wire for most appli- 
cations! 


Any time your problem is magnet wire, 
consult Phelps Dodge for the quickest, surest answer! 


Transformers. . PHELPS DODGE COPPER PRODUCTS 
4 CORPORATION 


INCA MANUFACTURING DIVISION 
FORT WAYNE, INDIANA 
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This label speeds styles from sewing-room to showroom overnight 


Styles stitched together today can set trends tomorrow anywhere in the 50 states and Canada, when 
they get the distinctive AiR EXPRESS label. This label tells many things to many people. It tells the 
drivers of 13,000 special AiR EXPRESS trucks to pick up and deliver door-to-door. /t tells the loading 
crews of America’s 35 scheduled airlines that this shipment goes first on, first off. And it says that it 
rates kid-glove handling all the way. Are you planning to 

ship new products or styles? Call AiR EXPRESS today and =a 

discover how little it costs to put this label on your shipment Be | be E he P RR E SS 


and get all the competitive advantages that go with it. 


& CALL AIR EXPRESS DIVISION OF RE A EXPRESS ° GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 
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LET MUELLER MAKE IT! 


Mueller Brass Co. of Port Huron is much more diversified 
than the name ‘“‘Brass’”’ implies . . . a lot more. In fact, 
because of its many and varied facilities . . . its men, 
methods and metals... Mueller is in the unique pc “ionof 
being able to offer true single source service. 


MUELLER HAS THE MEN .. . experienced engineers with 
the ability to work out, creatively, tough design problems, 
and improve a part or components for production by the 
most economical method. You get sound engineering plus 
44 years of practical metalworking production experience 
when you ‘‘Let Mueller Make It’. 


MUELLER HAS THE METHODS... when you ‘‘Let Mueller 
Make It’’, you are utilizing one single source that is able to 
produce parts any one of these ways: as forgings, impact 
extrusions, sintered metal parts, screw machine products, 
formed tube or as castings. 


MUELLER HAS THE METALS .. . and the materials .. . to 
produce precision parts in aluminum, brass, bronze, 
copper, iron and steel in hundreds of different alloys to 
meet each exact requirement. 


In addition, Mueller Brass Co. has complete and modern 
facilities for performing all types of finishing and sub- 
assembly operations. Another plus value is nation-wide 
sales engineering service. 


So, in the final analysis, no matter where you fit in the 
American industrial picture, whether you're making mis- 
siles or mowers ... and no matter where you're located, 
it will pay you to LET MUELLER MAKE IT! 


ae MUELLER BRASS CO. PorT HURON 33, MICHIGAN 


340 
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YOU CAN ADD THIS ENGINEERING TEAM 


TO YOUR STAFF WHEN YOU 


LET MUELLER MAKE IT! 


When you work with the Mueller organization, a qualified team of trained, experienced and imaginative 
engineers automatically become part of your staff and go to work for you. This engineering team, which 
includes specialists in all categories of design work and production procedures, carefully considers all 
aspects of your particular part or assembly and its function. In conjunction with members of your engi- 
neering department, Mueller engineers can help design or re-design your part for improved perform- 
ance, eliminate, where possible, unnecessary parts through re-design by making two or three part 
assemblies as a single piece, and recommend the best method of production. Mueller people also 
consider ways of speeding your finishing and assembly operations. Production economies consistent 
with product quality are always a prime consideration. 

This TOTAL CONCEPT engineering service, which costs no more, is available to you when you.. 
LET MUELLER MAKE IT! 


Pr” 
ae MUELLER BRASS CO. PORT HURON 38, MICHIGAN 
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MASTER MULTIPLIER 


one thing in mind 
and very specific 

a very strong urge 
to be very prolific 


In our humble opinion, Brer Rabbit's 
reputation as a multiplier is vastly 


overblown. Compared to Printmaster 


900 he's strictly single-track. Brother 
Rabbit can reproduce only himself. 
Printmaster 900 will process any dry 
diazo material up to 42° wide. In one 
pass. Without sticking. And at speeds 


JUNE 1961 


up to 75 feet per minute. More: “900° 
offers a major advance in whiteprint- 
ing—new, sleeveless, scratch-proof 
developing, exclusive with Ozalid. No 
slip sheets. No sealing sleeve. Further, 
no costly electron tubes. And no— 
comptrollers please note - 
Ozalid Whiteprinters 
can be bought, leased or rented without 


no heavy 
investment. All 


tying up capital. Like the full, dollar- 
saving story on “900%? Write today. 


Printmaster 900. 8/g reproducer at top speed. 
Heavy duty, dry developing whiteprinter. 
Height: 70%”; Width: 84%”; Depth: 46%”. 
Simple, dependable, economical. 


Remember: for best results from Ozalid 
Whiteprinters use Ozalid Paper and Ozalid 
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Supplies...we repeat; use Ozalid Paper and 


Ozalid Supplies. 


OZALID 


WE REPEAT 


OZALID 


DIVISION OF GENERAL ANILINE & FILM CORPORATION 


pa a nn 7 


Mr. James A. Travis, Mgr. Marketing 

Ozalid, Dept. 193, Johnson C ty, N.Y 

Please send more information on cost-cutting 
Printmaster 900 


Name 


Addres: 








Here’s the Inside Story of the industry’ first 


diffused 





Hermetic seal . . . Kovar metal to 










matched oxide-bonded ceramic 
seal protects against thermal 
shock, cycling; enhances electri- 
cal stability, low leakage current. 


Welded tube seal... protects 
against the possibility of 
leaks. 


Welded main seal . .. maximum Silicon pellet . . . highly efficient 
protection against housing junction design minimizes for- 
leaks. ward voltage drop. 


Hard soldered joints .. . maximum pro- 
tection against failures caused by 
thermal fatigue, high temperature 
storage. 


Ut Pell MSC Tabils Liar) 
Resistive or Inductive Load Single Phase 60 cps, Sinusoidal) 


4JA70B 4JA70C 4JA70D 4jJA70E 4JA70M 


Max Allowable Peak Reverse* 
Voltage (Repetitive) 200 300 400 500 600 


Max Allowable Transient Peak 
Reverse Voltage (5 millisec Max) 


Duration (T;=0°C to 200°C) 
Max Allowable Voltage (RMS) 


Max Average Single Phase 
Forward Current (Ts = 150°C) 


Max One Cycle Non-Recurrent 
Peak Surge Current 


Avg. Forward Voltage Drop 
At 70 Amps DC Single Phase 
(Ts= 150°C) Full Cycle Average 


300 


400 


650 
350 


70 


800 


Max Instantaneous Leakage Current 
At Rated PRV (In Milliamperes) 24 24 24 21 


Max Junction to Stud 
Thermal Resistance 0.5 0.5 0.5 0.5 


Operating and Storage Temp. Range 
(Junction) —40 to +200 —40 to +200 —40 to +200 —40 to +200 


Stud Torque 100 100 100 100 


*Rating assumes rectifier cell heat sink of less than 3°C/Watt. 
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all hard solder 70 am 
silicon rectifier 


With these important features a} oe 


| AVERAGE FORWARD 
for power supply applications requiring d-c 
outputs as high as 70 amperes per rectifying 
element at rms input voltages up to 420 volts: 
@ Freedom from thermal fatigue 

@® Higher PRV capabilities 

@ Higher surge current capabilities 


@ Very low leakage 





@ Greater uniformity from cell to cell S10 80-30-4085 -80 78" 8880 
AVERAGE FORWARD CURRENT-AMPERES 


@ Extremely low forward voltage drop 


For applications information and complete 
technical data, call your G-E Semiconductor 
District Sales Manager, or write Rectifier Com- 
ponents Department Section 20F15, General 
Electric Company, Auburn, New York. In postin! tf 
Canada: Canadian General Electric, 189 Duf- ” eae. J. Cee 
ferin St., Toronto, Ont. Export: International 
General Electric, 150 E. 42nd St., N.Y., N.Y. 


MAXIMUM SURGE CURRENT | | 
OO}-AT RATED LOAD CONDITIONS FT TTT TT Tt 
(NON-RECURRENT ) h apeshllsccsediaelliesiliee den Retail 


PEAK HALF SINEWAVE 
FORWARD CURRENT-AMPERES 





For fast delivery of selenium, germanium and silicon 
rectifiers, at factory low-prices, see your authorized G-E distributor 


GENERAL @@ ELECTRIC 
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SILICONE NEWS from Dow Corning 


For 


Westinghouse Uses Dow Corning 
Silicones for Thermalastic “H” 


Dow Corning solventless silicone resins are excellent dielectrics . . . have 
high bonding strength. When cured, they form tough, void-free, heat- 


stable insulating materials. 


Westinghouse, for example, uses Dow Corning solventless silicone resin 
as a bonding agent and filling material between the overlapping mica 
splittings of their Thermalastic “H” insulation system. Thermalastic “H” 
is used by Westinghouse to extend the advantages of Class H insulation 
systems into large rotating equipment of all voltage ratings including 


13.8, 16.5, and 18 KV. 


Similar in basic construction to the Thermalastic insulation system intro- 
duced by Westinghouse in 1949, Thermalastic “H” utilizes the inherent 
thermal properties and intrinsic dielectric strength of mica and solventless 
silicone resin. The high degree of fill achieved by vacuum-pressure impreg- 


Dow Corning is your best 
source for information and 
technical service on silicones. 





reater Power 





nating glass cloth and mica splittings with 
solventless silicone resin assures a void-free 
insulation unequaled in voltage endurance, 
low power factor, outstanding resistance to 
heat, moisture and other contaminants. 


The top illustration shows large mica split- 
tings on a fiber glass backing being coated 
and filled with solventless silicone resin. 
Next, another layer of glass fiber is added 
and the laminate is then cut into tape. The 
tape is used to lap wind the coils. A sol- 
ventless silicone resin is then introduced 
by vacuum-pressure impregnation and the 
entire coil form is heat-cured. The re- 
sulting insulation system easily handles 
Class H temperatures. 
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Dow Corning 
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...Specify Silicones 


To Silence Solenoid Valve 


General Controls Company of Glendale, Calif., immerses 
the operating mechanism of their Dial-A-Flow gas valve 
in Dow Corning 200 Fluid. Result: the viscous fluid cush- 
ions the snap action of the mechanism, and makes it silent. 
The undesirable “pop” of gas ignition and noise of plunger 
impact are eliminated. Silicone fluid is the ideal damping 
medium because it doesn’t thicken or thin with temperature 
changes, has excellent dielectric properties, is resistant to 
oxidation and to breakdown under shear. 
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To Assure Reliability 


Dependable performance of Class H unit-substation trans- 
formers is assured by I-T-E Circuit Breaker Company 
through specifying silicone-glass laminates for spacer strips, 
for support cylinders, for insulating diaphragms between 
secondary and primary windings, and for interphase bar- 
riers. Bonded with heat-stable Dow Corning silicone resins, 
glass laminates have high arc resistance, low loss factor, 
low moisture absorption . . . excellent mechanical and 
dielectric strength even after prolonged aging at 250 C. 
Used with other silicone insulating components, glass lami- 
nates permit smaller, lighter weight transformers that are 


easier to install and maintain. 
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To Increase Welder Output 


Peer Incorporated, Benton Harbor, Michigan, redesigned 
their welding equipment to take full advantage of the 
benefits offered by Dow Corning Silicones. Results: Power 
factor improved between 15 and 20% over conventional 
welders; transformer size reduced about 30%; interwind- 
ing breakdown raised to over 4000 volts; built-in protec- 
tion against inadvertent abuse that would damage Class A 
and B insulation systems. More important, since redesign- 
ing with silicones, not a single Peer “300” Welder has 
failed for any reason. Basic to this remarkable insulation 
system is Silastic®, the Dow Corning silicone rubber, shown 


being applied to a transformer coil. 
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RUBICON Model 2782 Five-Dial Potentiometer— 
Two ranges: 0-1.6 volts in increments of 10 
microvolts, and 0 to 160 millivolts in increments 
of 1 microvolt. Guaranteed limit of error: 0.01 
per cent of reading plus 5 microvolts on the 
upper range; 0.01 per cent of reading plus 1 
microvolt on the lower range. 


Write for Specification Sheet RS2782 for details. 












HOW “ACCURATE” SHOULD A POTENTIOMETER BE? 


Potentiometer accuracy claims can be misleading. They 
can sometimes be based on one-shot tests made under 
ideal laboratory conditions. Their validity can depend 
on the method used to establish limits of error. 


The real measure of potentiometer accuracy is not how 
little the instrument drifts from set resistance values at 
one given moment, but how Jong it will remain faithful 
to its certified calibration. Only a potentiometer that 
gives consistently stable, reproducible results over its 
entire life can delivet the performance you pay for. 

Such a potentiometer is the one shown above, our 
Model 2782. It incorporates refinements in potentiom- 
eter design that provide high stability and long-term 
accuracy. For example, the use of high-stability 10-ohm 


resistors in the first dial and 1-ohm resistors throughout 
the four lower dials insures permanence of calibration. 
And because the switch of the first dial carries no cur- 
rent at balance, its contact resistance can introduce no 
error of measurement. Many other design innovations 
help maintain the potentiometer’s realistically high 
accuracy. Still, the instrument is priced below com- 
parable potentiometers offering far less. 


All Rubicon instruments are the product of a long tradi- 
tion of engineering excellence and exceptional crafts- 
manship. The complete line is available through any of 
the Honeywell branches throughout the nation. 


MINNEAPOLIS-HONEYWELL, Rubicon Instruments, Ridge 
Ave. at 35th St., Philadelphia 32, Pa. 


Honeywell 
Fit we Coitiol 


Hi SINCE 186865 


HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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NEW from Square D... 


A SMALLER 10 AMP RELAY- 
WITH INDUSTRIAL FEATURES! 


Terminal or 
Plug-In Wiring 


© RATINGS easily handle solenoid loads. 
AC pilot duty rated 690 VA. Continuous 
rating 10 amperes, 125 volts AC for 
plug-in construction and 277 volts AC 
for terminal connection 

@ Long Life makes suitable for rugged 
machine tool applications 


®@ Molded coil operates cooler and keeps 
out moisture for longer life 


® No solder joints to break 


© Optional pilot light indicates when 
relay is energized 


¢@ Durable nylon dust cover won't break, 
crack or support combustion 


PRESSURE BINDER HEAD SLIP-ON 
CONNECTORS SCREWS CONNECTORS 


Write FOR DETAILS! + Square D Company, 
Dept. SA, 4041 North Richards Street, Milwaukee 12, Wisconsin 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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PROVED 
~— WINUTEM 


. .. and Polaris and Talos and Atlas and Jupiter and Thor and Titan and Bomarc 
and Zeus and Pershing and hundreds of other military and industrial applications. 


For Delco Radio's highly versatile family of 2N174 power transistors meet or exceed the most rigid electrical and extreme environmental Ca 
requirements. 

Over the past five years since Delco first designed its 2N174, no transistor has undergone a more intensive testing program both in the 
laboratory and in use, in applications from mockups for commercial use to missiles for the military. And today, as always, no Delco 2N174 
leaves our laboratories without passing at least a dozen electrical tests and as many environmental tests before and after aging. 


This 200 per cent testing, combined with five years of refinements in the manufacturing process, enables us to mass produce these highly 
reliable PNP germanium transistors with consistent uniformity. And we can supply them to you quickly in any quantity at a low price. 





For complete information or applications assistance on the Military and Industrial 2N174’s or other application-proved Delco 
transistors, just write or call our nearest sales office. 






LCO 






Union, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan EPENDABILITY 
324 Chestnut Street 726 Santa Monica Blvd. 5750 West Sist Street 57 Harper Avenue D j O 
MUrdock 7-3770 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 arenaley 

) Division 6f&General Motors - Kokomo, Indiana 


38 Circle 128 on Inquiry Card Circle 129 on Inquiry Card > 








Sie eine me eee 





Beaae. 


THIS remarkable plastic may trigger a 
new (or cost-saving) design idea for you 


National Vulcanized Fibre is unique. It’s a tough, cellulosic 
plastic—not mere paper or fiberboard. Vulcanized Fibre 
possesses an unusual combination of mechanical, electrical 
and thermal properties. For example... 

It weighs one-half as much as aluminum, yet is one of 
the strongest materials known per unit of weight. It’s 
tough, durable and cushions the shock of repeated blows. 

Vulcanized Fibre has superior arc-resistance. It comes 
in standard and special grades, including a fire-resistant 
grade called “Pyronil.” It can be machined, formed or 
deep-drawn into intricate shapes, and can be combined 
aluminum, rubber, “Mylar,” 
copper, laminated plastic, plywood, to name a few. 


with other materials ... 


You can polish it, paint it, lacquer it, emboss it. And 
regardless of the finish, it resists oils, gasoline, fungi, most 
solvents. Most surprising is its low cost. 

Find out for yourself why National Vulcanized Fibre is 
“the plastic with a million uses.” There’s a free sample kit 


5 grades of polyester 


85 Phenolite® laminates 


waiting for you at a nearby NVF sales office. Check Sweet’s 
Product Design File 2b/Na for the one nearest you. Or 
write directly to Dept. RP, Wilmington, Delaware. 


116 Choices: One Source This is the latest count of the dif- 
ferent plastics and grades NVF can offer in your search 
for the one best material. Add to this total the one special 
grade that can be developed from scratch to meet your 
particular need. This full range of materials is backed by 
complete engineering services . . . from application assist- 
ance up to and including the delivery of 100% usable, 
precision-fabricated parts . . . in any quantity, on time! 

Call the NVF Sales Office near you. It’s a direct line 
to single-source help on your current materials problem. 


NVE e 


NATIONAL VULCANIZED FIBRE COMPANY 
WILMINGTON 99, DELAWARE 


In Canada: NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontarie 


3 thermoplastics . . . nylon, Delrin®, Penton® 
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TO THE ENGINEER 
who needs the magic of mercury 


AE 
CAN 
Oo 





If you’re stymied by switching problems in 
data processing, automatic control or high- 
speed keying, then consider the unusual 
attributes of AE’s Series V51 mercury- 
wetted contact relay. 

This fleet switcher can be driven at speeds up to 
100 operations per second, completely free from 
contact bounce. It requires no maintenance within 
its life of over a billion transfers. The contacts 
can switch dry circuits or handle loads up to 250 
volt-amperes. Operate and release time is approxi- 
mately 3 milliseconds. 


Contact and armature assemblies of the V51 
are hermetically sealed in a glass capsule 
with a high-pressure hydrogen atmosphere. 
Mercury wetting continuously renews the 
contacts, eliminates wear, erosion, welding 
and sticking. Operating sensitivity is 250 
milliwatts, minimum. 

AE engineers will be glad to aid in applying 
the V51 to your designs. Ask for Circular 
1988 covering full specs on the V51. Write 
the Director, Control Equipment Sales, Auto- 
matic Electric, Northlake, Illinois. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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WESTON “CROWN” METERS 
OFFER HIGH PERFORMANCE 
AT LOW COST 


New AC instrument now available in 
economy line of matched pane/ meters 


A newly-designed AC moving iron instrument with 
improved ballistic characteristics joins the Weston line of 
“Crown” meters. Instruments in this matched group 
combine economy with dependable accuracy, and incorporate 
many time-proven Weston features. 
Exclusive Weston CORMAGS self-shielded mechanisms, 
for example, permit mounting on magnetic or non-magnetic 
panels without special adjustment. Instruments with this 
important feature may be closely grouped without 
intereffects, and are immune to stray field errors. 
Exceptional readability is another advantage of 
“Crown” meters. Models 1721 and 1724 have 2.5” long 
scales, Model 1741 has a 4.9” scale. Clear plastic covers 
provide excellent, shadow-free illumination. Black lance 
pointers and black markings on white dial further 
enhance readability. 
Accuracies within + 2% full scale are available in 
DC and moving iron AC meters, and + 3% in rectifier types. 
Call your Weston representative for specifications on 
“Crown” instruments, or write for Catalog 01-112. 
Daystrom, Incorporated, Weston Instruments Division, 
Newark 12, New Jersey. /nternational Sales Division, 
100 Empire St., Newark 12, N. J. In Canada: Daystrom Lid., 
840 Caledonia Rd., Toronto 19, Ontario. 


ee 


7 rr F “ 


Px, 
X% », 


Ss 


|DAYSTROM,, weorroraten 


tm weSTON INSTRUMENTS DIVISION 


JUNE 1961 Circle 131 on Inquiry Card 











“We specify | 
CROUSE /; MARIOS 
Explosion-Proof Equipment 


for our jet-engine fuel-test stands” 


“ 


Dd 
FLIGHT SUPPORT _ 


says Flight Support, Inc. 
Metuchen, New Jersey 









OFFICES: Atlonta Baton Rouce Birmingham Boston 


otte Chicago Cincin 


Left: Rear of mobile test 
stand with Crouse-Hinds 
explosion-proof enclosures 
for instruments and other 
components. Background 
photo: Permanent 
test-stand installation. 





“Our Fuel Test Stands handle highly volatile and 
ignitible fuels. They must be completely explosion-proof 
throughout . . . particularly the electrical components. 


“We specify Crouse-Hinds Explosion-Proof Electrical 
Equipment for two reasons: Their wide range of equipment 
gives us just what we want. And their technical 
assistance in applying their products to our specific 
needs fills our requirements in every detail. 


“We are satisfied with the performance of this equipment 
for a very good reason—because our customers are satisfied.” 


For the product selection and technical assistance that 
helps build customer satisfaction, call any of the 
Crouse-Hinds offices listed below. If you do not have our 
catalog, ask for it during your call . . . or write us direct. 


OE EPG RE 


NEW YORK 





Cleveland Corpus Christi Dalles Denver Detroit Houston Indianapolis Kansos City 


les Angeles Milwovkee New Orleans New York Omahe Philade phic Pittsburgh Portland, Ore. St. louis St.Paul Salt lake City Son Francisco Seattle Tulsa Washingtoe 
RESIDENT REPRESENTATIVES: Albany 8cltimore Reading, Pa. Richmond, Va. 


Crouse-Hinds of Canada, Lid., Toronto, Ont 
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Domex, Mexico City, D.F 


Peterco, Sao Pavlo, Brazil 
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PUTTING MAGNETICS rO WORK 


CAN YOU DESIGN PAST 60 (cycles, that is)? 
Sign up for Magnetics Self-Improvement Course 


Incidentally, if you missed Lesson I (How To Reduce 
Magnetic Circuit Size and Response Time) we’ll send 
it along. 


Whether you are an older engineer or a young magnetic 
circuit designer, you may be faced with the problem of 
designing for load frequencies greater than 60 cycles .. . 
or 400 cycles. Your solutions come faster when you re- 
fresh yowr memory with Lesson II of the Magnetics, 
Inc. self-improvement course. 

. . Or you may want to reduce circuit size by reducing 
core size, or by using fewer turns of wire with no increase 
in control current. 

You'll rediscover the solutions to these and other 
problems dealing with frequency and core size in this 
second lesson. What’s more, you may find new ways to 
control high frequency induction heating units, high 
épeed motors, the newer types of fluorescent lighting, 
or a host of other devices. 

For your sake — and ours, too, because we manufac- 
ture and sell high permeability cores used in amplifier 
circuits — use the coupon now. 
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MAGNETICS inc. 


MAGNETICS INC., DEPARTMENT ET-88, BUTLER, PA. 
Please enroll me in the Magnetics, Inc. Self-Improvement Course 
and send me all the lessons as they are made available. 


name__ is title 


compony 





address 
Note: if you've applied for Lesson |, no further application is necessary. 
You will receive the entire series. 


. 
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Select here the 


VOLTMETERS, AMMETERS, 
Many are 





() 403A Transistor ac Voltmeter—1 cps to 1 MC 


L..very-operated, weighing less than 5 pounds and small enough to hold 
in your hand — this new transistor ac voltmeter measures 100 yv to 300 v 
(max. full scale sensitivity 1 mv) over frequencies 1 cps to 1 MC! Twelve 
voltage ranges; also reads direct in db from —72 to +-52 db. 400 hour bat- 
tery life equals 6 months of average use; battery voltage may be checked 
by front panel switch. Noise less than 30 wv on all but lowest range. Com- 
pletely isolated from power line or ground interference. Average reading 
meter minimizes turnover and waveform errors. Accuracy +3% to 500 KC, 
+5% to 1 MC. input impedance 2 megohms; generous 600 v overload 
capacity on higher ranges, 25 v maximum on lower ranges. $275.00. 





All of these widely useful -hp- instruments are available in rack-mounted 
-hp- voltmeter accessories—voltage dividers, coaxial connectors, voltage 





Gf) 405 Digital Voltmeter 
Automatic range, polarity 


Here’s true “touch-and-read” measuring simplic- 
ity. Automatic range, polarity selection; covers 
0.001 v to 1,000 v. (Accuracy + 0.2% of reading + 
1 count). New, unique circuitry provides a stabil- 
ity of readings virtually eliminating fatiguing 
jitter in the last digit. Floating input, multi- 
electronic code output for use with digital re- 
corders. Uses electronic computing circuits to 
insure low maintenance, trouble-free operation. 
Just 7” high! $850.00, $925.00 


Complete array of ac and de measuring equipment 
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versatile, precision 
OHMMETERS you need. 
multi-purpose! 


scale sensitivity 1 mv), 12 ranges. 
Direct reading in v, db. 10 megohm 
input impedance with 15 zuf shunt 

loading to circuits 
under test. $250.00. 


Gp) 400H 
1% accuracy VTVM 


Here's extreme accuracy of 1% in a 
precision VTVM covering 10 cps to 4 
MC. Big 5” meter has exact-reading 
mirror-scale, measures voltages 0.1 
mv to 300 v (max. full scale sensitivity 
1 mv). 10 megohm resistance with 15 
uuf shunt minimizes circuit loading. 
Amplifier with 56 db feedback insures 
lasting stability. $325.00. 


Gp 400L 
Log VTVM—10 cps to 4 MC 


Covering 10 cps to 4 MC, this new hp VTVM 
features a true logarithmic scale 5” long plus 
a 12 db linear scale. The log voitage scale 
plus long scale length provides a voltmeter 
of maximum readability, with accuracy a 
constant percentage of the reading. Accu- 
racy is +2% of reading or +1% of full scale, 
whichever is more accurate, to 500 KC, +5% 
full range. Range 0.3 mv to 300 v, 12 steps, 
(max. full scale sensitivity 1 mv). $325.00. 


bp 4108 


ac to 700 MC, also dc 


Time-tested standard all-purpose volt- 
meter. Covers 20 cps to 700 MC; full 
scale readings 1 to 300 v. Input ca- 
pacity 1.5 yzzf, input resistance 10 
megohms. Also serves as dc VTVM 
with 122 megohms input ak 
or ohmmeter for measurements 0.2 
ohms to 500 megohms. $245.00. 


models! Also, inquire about HEWLETT-PACKARD COMPANY 


1004M Page Mill Road «¢ Palo Alto, California, U.S.A, 
Cable “HEWPACK” « DAvenport 6-7000 


multipliers and shunt resistors. 


dp 412A Precision 
Volt-Ohm-Ammeter 


At last a true, precision multi-purpose in- 
strument. Measures dc voitage 100 uv to 
1,000 v (max. full scale sensitivity 1 mv), 
1% accuracy full scale. Measure currents 1 
na to 1 amp with +2% accuracy full scale. 
13 ranges. As ohmmeter measures 0.02 
ohms to 5,000 megohms. Extremely low 
noise, drift. Recorder output provides 1 v 
full scale. $400.00. 


425A Microvolt- 


icromicroammeter 


New, high sensitivity, high stability in- 
strument reading end scale voitages of 
10 wv to 1 v in 11 ranges, or currents of 
10 nua to 3 ma in 18 step, 1-3-10 se- 
quence. Accuracy +3% on all ranges. 
Drift less than 4 wv per day. Input im- 
pedance 1 megohm +3% on ali ranges. 
Also usable as 100 db amplifier with up 
to 1 v output from signals as small as 
10 gv. $500.00. 


BOR ess 5, 


Field representatives in all principal areas 


dp we 


Clip-On Milliammeter 


Employs radical new approach to cur- 
rent measurement which eliminates 
breaking leads, soldering connections or 
loading of circuit under test. Revolution- 
ary “current sensing” probe clips around 
wire under test, measures the magnetic 
field around the lead. Easily measures 
dc current in presence of strong ac. Cov- 
ers 0.3 ma to 1 amp in 6 steps; full scale 
sensitivity 3 ma. Accuracy +3%, probe 
inductance less than 0.5 yh. 


$500.00, $550.00. 


—unique value, traditional -hp- dependability Vi 
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PM SERIES POWER RELAY 


by POTTER & BRUMFIELD 


BE 


rho dy tla 


TOP VIEW 


oa 


Soe 
© ANNOUNCING 
IN 5 \ 


NEW SPACE SAVER 


P&B compact 4PDT power relay switches one H.P. per moveable arm 


Save panel space! This new 4-pole relay is only %%” wider than our PR PM ENGINEERING DATA 
Series, America’s most popular 2-pole power relay! Yet, it is engineered GENERAL: 

for reliable heavy-duty switching . . . and you can confidently expect 10 Description: Heavy-duty AC power relay. 
million mechanical operations. Insulating Material: Molded phenolic. 

PM Series relays are rated at 16 amperes (or 1 H.P.) at 115 volts, 50/60 cycles Insulation Resistance: 100 megohms minimum. 
resistive ... and special relays can be supplied for loads up to 25 amperes, Mechanical Life: 10 million operations minimum. 


Contact Life: 100,000 operations minimum at rated load. 

Breakdown Voltage: 2,000 volts rms minimum between all 
elements and ground. 

Ambient Temperature: —55°C to + 55°C. 

Weight: Approximately 14 ozs. 


at 220 volts, 50/60 cycles resistive. Heavy screw terminals are arranged for 
fast, easy hook up. An adapter plate is available for mounting PM relays 
in the same location used for 2-pole relays. 


For full information, write today or call your nearest P&B representative. 


Pull-in: 78% of nominal voltage. 
Terminals: Heavy-duty screw type with No. 8-32 BH screw. 


CONTACTS: 
Arrangements: 4PDT or 4PST—normally open. 
Material: “4” dia. silver-cadmium-oxide. 
Rating: 16 amps @ 115 volts, 50/60 cps resistive. 
8 amps @ 220 volts, 50/60 cps resistive. 
1 H.P. per moveable, 115 or 220 volts AC single phase. 
25 amps @ 220 volts, 50/60 cps resistive available on 
special order. 





PR Series MR Series AB Series 


COIS: 

Voltage: 6 to 230 volts AC 50/60 cycles 
A whole family of power relays for a wide range of applications carry the Power: 14 volt-amps average at nominal voltage. 
P&B symbol of quality. Call P&B first for all your power relay requirements. Duty: Continuous. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONICS PARTS DISTRIBUTORS 


@) POTTER S BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY PRINCETON, INDIANA 





IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 








ENGLISH 
ELECTRIC 
CANADA 


USES 
NATVAR 


Teraglas 


This unit, one of four built by English Electric for export to Europe, is a 4500 HP, 


TO TAPE 
6000 V, 3-phase, 50 cy. synchronous motor stator. Coil ends are taped with Natvar 


Teraglas, a new flexible insulating material comprising a base fabric woven from polyester 


OF THIS fereeene terephthalate or “Dacron”) warp yarns, and continuous filament glass 
le 


filler yarns, coated with an improved varnish possessing exceptional dielectric strength 
4500 HP MOTOR 


under elongation. 


English Electric Canada, Toronto, Ontario, Division of John Inglis Co. 


Ltd. manufacture electrical motors, controls, transformers and switchgear 


for use in important installations throughout the world. 


They have found that Teraglas offers several distinct advantages over the 
thirsty cotton base tapes formerly used. At no advance in material cost, 
Teraglas is more readily applied to coils; the higher dielectric strength of 
Teraglas results in a better insulated coil; and better heat resistance pro- 


Natvar Products 
Varnished cambric—sheet and tape 
Varnished canvas and duck—sheet 
and tape 
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vides a greater safety factor against high operating temperatures due to 
overloading. 


If you are presently using conventional materials, it will pay you to con- 
sider the ease of use and extra protection of Teraglas. It is made in four 
standard thicknesses, .008”, .010", .012” and .015”, available in sheets, 
rolls or tapes in black and yellow. 


Teraglas® U.S. Pat. Off. (Natvar Corp.) 


a NATVAR CORPORATION 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
Telephone TWX Cable Address 
FULTON 8-8800 RAHWAY, N.J., RAH 1134 NATVAR: RAHWAY, N.J. 


207 RANDOLPH AVENUE @© WOODBRIDGE, NEW JERSEY 


Circle 135 on Inquiry Card 


Varnished silk and special rayon— 
sheet and tape 
Varnished papers—rope and kraft— 
sheet and tape 
Varnished, silicone varnished and 
silicone rubber coated Fiberglas*— 
sheet and tape 
Slot cell combinations, Aboglas® 
Teraglas® 
Isoglas® sheet and tape 
Isolastane® sheet, tape, tubing and 
sleeving 
Vinyl coated and silicone rubber 
coated Fiberglas tubing and sleeving 
Extruded vinyl tubing and tape 
Styroflex® flexible polystyrene tape 
Extruded identification markers 

*TM (Reg. U.S. Pat. Off.) OCF Corp. 


We will be very happy to supply information 


on any of our products on request. 











EGAD, METHINKS YON DESIGN ENGINEER 
HATH GONE STIR-CRAZY! HOW COMETH? 


Ah, thereby hangs a tale, sire. He needs a 
time-delay relay with a range from 15 sec- 
onds to 30 minutes — or even longer! — 
yet one with a repeat accuracy of plus or 
minus 2 per cent of the overall time range. 


Simple. 
But there is more. He demandeth a reset 
time of thirty milliseconds! His specs are 


stringent beyond belief. His is a military 
problem — 


Simple. 


Speak not in haste, milord. ’Tis hush-hush 
stuff. All one may say is that he might be 
working on radio, radar, camera control, 
guided missile, fiasher, gun purge-door, fire 
control — 


Hah, still simple, say I. Obviously the 
fellow doth need an accurate delay be- 
tween the closing of a control circuit 
and the actuation of an independent 
load switch or two. For Cramer’s new 
TYPE 432 Time Delay Relay, such 
work is child’s play ! Know ye not that 
TYPE 432 hath passed such severe Mil 
tests as operation at 70,000 feet, vibra- 
tion at 10G peak acceleration from 10 
to 2,000 cps, and 50G 11-millisecond 
shock? 


Great Caesar’s ghost! 


Of a certainty, the unit is hermet- 
ically sealed against dust, humidity, 
salt spray. It is rugged — 


But bulky, no doubt. Ah, me! 


CRAMER CONTROLS CORPORATION 


CENTERBROOK, CONNECTICUT 


ELECTROMECHANICAL DIVISION 
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Not so. TYPE 432 miniature is light- 
weight, amazingly compact. And why? 
Because Cramer doth use newly de- 
signed 400 cycle and 60-cycle motors, 
not to mention all manner of ingen- 
ious, miniaturized components. 


Yet you say it is rugged? 


Ho, ho. With a minimum switch life 
of 50,000 operations ! And yet — 


And yet — ? 


I perceive that this design engineer 
hath a dual problem, for he also needs 
a cycle timer to control a repeated 
sequence of operations in a definite 
time relationship. 


°Tis true. Now doth the problem con- 
found the Cramer people? 


Nay, nay. Cramer’s new TYPE 553 
Miniature Cycle Timer is practically a 
twin of the TYPE 432 Time Delay 
Relay, and offers an unsurpassed range 
of programming periods, from 5 
seconds to 30 hours. 


Happy day! I fly with these glad tidings 
to yon design engineer — 


Better yet, methinks, inform the lad 
that he should get all the facts straight 
from the — er — horse’s mouth, in a 
manner of speaking. Have him write 
for Cramer’s data-filled Bulletins: 
PB-553 and/or PB-432. Therein are all 


questions answered, all problems solved. 
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CRAMER TYPE 432 MINIATURE 
TIME DELAY RELAY 


Number of Poles 1 and 2 (standard). 
Time Ranges 15 sec to 30 min or longer. 
Accuracy +2% of overall time range. 


Switches Fast make fast break, SPDT, 
rated 3 amps resistive and inductive 
at 125v ac and 30v dc. 


Motor 400 cycle (hysteresis) 115v, 2 watts 
input; or 60 cycle (permanent magnet) 
115v, 2 watts input. DC 26v +4v using 
inverter. 


Mounting Fiange or bracket. 


CRAMER TYPE 553 MINIATURE 
CYCLE TIMER 


NumberofPoles 5. 


Time Ranges 5 sec (single pole) 
to 30 hours. 


Accuracy +0.5% of overall time range. 


Switches, Motor and Mounting Iden- 
tical to 432. 
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SPECIFY ARNOLD 

IRON POWDER CORES... 
COMPLETE RANGE OF SIZES AND SHAPES 
FOR YOUR DESIGNS 


Arnold offers you the widest range of 
shapes and sizes of iron powder cores 
on the market. 

In addition to toroids, bobbin cores 
and cup cores—typical groups of which 
are illustrated below—Arnold also pro- 
duces plain, sleeve and hollow cores, 
threaded cores and insert cores, etc., to 
suit your designs. Many standard sizes 
are carried in warehouse stock for 
prompt shipment, from prototype lots 
to production quantities. Facilities for 
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special cores are available to order. 
The net result is extra advantage and 
assurance for you. No matter what 
shapes or sizes of iron powder cores 
your designs require, you can get them 
from a single source of supply—with 
undivided responsibility and a single 
standard of known quality. And 
Arnold’s superior facilities for manufac- 
ture and test assure you of dependably 
uniform cores, not only in magnetic 
properties but also in high mechanical 
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strength and dimensional accuracy. 

@ For more information on Arnold iron 
powder cores, write for a copy of our 
new 36-page Bulletin PC-109A. The 
Arnold Engineering Company, Main 
Office and Plant, Marengo, Illinois. 


ADDRESS DEPT. EM-6 


ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 


CITIES © Find them FAST in the YELLOW PAGES 


2541 





H MICRO SWITCH Precision Switches 


HONEYWELL 


1i/2 kw switch 
capacity 

in 410 of a 

square inch! 





ACTUAL SIZE 





Choice of 6 switch actuators 


THE MICRO SWITCH “1SX1” is the smallest single-pole 
double-throw snap-action switch made. It weighs only 1 gram. Yet, 
despite its tiny size, it performs millions of operations, in tempera- 
tures ranging from —65° F. to +250° F. And it handles precision 
switching jobs at capacities up to 114 kw. 


3; & 4 
Leaf actuator 


The case, cover and plunger are made of high-strength plastic. 
Contacts are fine silver. The unique, snap-action spring is beryllium 
copper. The case has two mounting holes that accept No. 2 screws. 
One hole is slightly elongated to facilitate mounting. “I1SX1” is de- 
signed to conform to MS24547-1. 


MICRO SWITCH manufactures a complete line of small basic 
switches. See the Yellow Pages for your nearby MICRO SWITCH 
Branch Office. Or write for Catalog 63. 


MICRO SWITCH... FREEPORT, ILLINOIS 


Reverse roller Pivoted roller : A division of Honeywell s , 
leaf actuator lever actuator In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


aiid H]\ Honeywell 


Sales and service offices in all principal cities of the 


ena Sn nye np henna wormed nonevwei’ 1 MICRO SWITCH Precision Switches 
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CUNISIL, new Anaconda copper-nickel-silicon alloy, 
gives you high strength for tough electrical jobs 


THE PROBLEM: The studs for Line Mate- 
rials Secondary Class Lightning Arrest- 
ers (illustration above and below left) 
call for an unusual combination of 
properties. They must have high phys- 
ical stre ngth for structural reasons and 
to handle the stresses of high surge cur- 


LINE MATERIALS Type S-3 Secondary Class 
Arrester with stud of Cunisil, copper- 
nickel-silicon alloy. Cunisil is also used 
for lower studs of Line Materials Protec- 
tive Gaps. 
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rents. Yet they must also have rela- 
tively high electrical conductivity. And 
for economical fabrication, the alloy 
must have good cold-forming charac- 
teristics and be readily machinable. 


THE SOLUTION: Continental Screw Com- 
pany, which makes the studs for Line 
Material Industries, found the answer 
in Cunisil-837, Anaconda’s versatile 
new high- strength, heat-treatable alloy 
with these valuable properties in the 
precipitation-hardened condition: 


Tensile strength—psi min. 90,000 


Yield strength—ct .50° extension 

under load, psi min 70,000 
Elongation in 4 x D, min 8 
Machinability, (Free Cutting Brass=100) 40 
Electrical Conductivity, °/ |ACS, as 


heat treated 30 to 42 


In addition, Cunisil-837 has corrosion 
resistance comparable to copper and 
Everdur® copper-silicon alloys—and is 
easy to work cold before heat treat- 
ment. 


METALLURGICAL COMMENT. Most of the 
nickel and silicon in heat-treated Cuni- 
sil is present as an intermetallic com- 
pound, nickel silicide, and it is the pre- 
cipitation of nickel silicide in the form 
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of particles of submicroscopic size by a 
relatively low temperature heat treat- 
ment that accounts largely for the dis- 
tinctive properties of the alloy. 

Prior to the hardening heat treat- 
ment, the alloy is brought to a proper 
condition for hardening with a solution 
anneal at a much higher temperature 
and then a water quench from this 
temperature; at this stage the alloy is 
quite soft and in a condition for drastic 
cold-working operations. The harden- 
ing heat treatment consists of heating 
at a controlled temperature for a defi- 
nite length of time to obtain the de- 
sired mechanical properties. 

For more information—see your Ana- 
conda American Brass representative, 
or write: Anaconda American Brass 
Co., Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New 
Toronto, Ont. 6149 


>NDA’ 


COPPER AND COPPER ALLOY 
MILL PRODUCTS & 


Anaconda American Brass Company 
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DIMENSIONS (ACTUAL SIZE) 
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Rous 


HT “Tr 
Micro Min Micro Mod 


64 SERIES 74 SERIES 96 SERIES 
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WCE 


Receptacle for flexible printed wiring or 
printed circuit boards. 15 contacts on .075” —| 
centers, with 2 lines of interference | 
el- aren ger eli a 


MNtcre Nin 


HAA ti} i 19 contact receptacle with MarLdLale 
: components mounting board or 38 contact 


LTT 


rack & panel/modular pair. Contacts on 
.050” centers. 


WC ae 


12 contacts on .075” centers. 2 ce 
available for either modulaf use or for 
cable-to-cable, cable-to-chassis or 
board-to-chassis usage. 


not 





AMPHENOL CONNECTOR DIVISION 
Amphenoi-Borg Electronics Corporation 
1830 S. 64th AVE., CHICAGO 5O, ILLINOIS 


© Send me full information on Micro Edge, Micro Min and Micro Mod 
NAME egal nitinaomang se. WOU Bice titecenes 


COMPANY 


COMPANY ADDRESS OEE ag Fe 





| 
| CITY a i x S STATE. 
i 








Abrasive Dust Didn’t Lick This Starter... and on 
Your Equipment, It Will Meet Customers’ Toughest Requirements 


After two years in this tough application—covered with abrasive dust—these General Electric magnetic starters are still 
operating the block conveyor pictured above in a concrete block making plant. Wherever your machines or equipment 
are installed, General Electric starters can give this same outstanding performance that helps improve your product 
reliability. Result: fewer customer complaints caused by starter breakdown. Some of the reasons? Contacts are slanted 

so dust slides off. Horizontal wedge-action design reduces contact wear and bounce—helps prevent 

contact deterioration. Molded coil resists dust, oil, water, mechanical abuse. Plus many other m ae ms eT 
MEASURABLE ADVANTAGES for you and your customers. Call your G-E sales engineer today, - = 


or write for GEA-7020. General Electric Co., Section 811-18, Schenectady 5, N. Y. * ; ria 
Fait pee | 


a 


Progress /s Our Most Important Product == 


GENERAL@@ ELECTRIC [cde 
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NEW 


Instrument Bearings 


from NEW HAMPSHIRE 


Let You Beef Up The Shaft 
Without Increasing 
Bearing O.D. 


Here are four new opportunities to design 
shaft-to-housing relationships not possible 
with other bearings. As shown in the sketches, 
thinner bearing cross sections permit extra- 
large Bore-to-O. D. ratios. 


This new series is manufactured to ABEC-5 
precision standards or better, of stainless 440C 
steel, with plastic crown retainers which ab- 
sorb lubrication. 


BORE | DIAMETER | WIDTH 
+0000 | +000 | + 00 DIAMETERS | BALLS 
0002 | —.0002 |—.001 INNER | OUTER ee 


ot tae oe ToT eater 
an | a7 _| vse [some] ore [am [oe [ v6] | 
[750 [ono se [nee | ovo [ax |e [a [vrs] 0 


Write for full information or call in your New Hampshire Sales Engineer for application assistance. 


NEW 
HAMPSHIRE / BALL BEARINGS, INC. 


PETERBOROUGH, N.H. 
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After fifteen years of continuous outdoor service in 
New England, this Type SJT cord, insulated and jack- 
eted with BAKELITE viny], is still in excellent condition, 
demonstrating excellent retention of electrical and 
physical properties. Other types of covering used on 
flexible cords and appliance wire would have deteri- 
orated under such conditions. The flexible cord shown 
was manufactured by the Plastic Wire and Cable Cor- 
poration, Jewett City, Connecticut. 





With BAKELITE’ Vinyl Wire Coverings... 
you get this kind of reliability even after 15 years 


This unusually severe test on electrical cord exposed to the weather 


for 15 years serves to illustrate the high degree of reliability and safety PHYSICAL PROPERTIES OF SJT CORD 
provided by Bake ite vinyls for flexible cords and wire as shown in Underwriters’ 

; ¢ es ater 15 
> ts >< ry inimum er 
the table at right. Requirements | Yours 

That’s why an increasing number of manufacturers are using appli- satiate ——= we 

‘ sia aii = == i i a Oe ‘ Bi re Tensile Strength, psi 1600 1510 

ance wire, flexible cord, hookup wire, instrument wire and similar sesteten, 200 300 
applications insulated and jacketed with Bake ire vinyl. Through Primary Insulation 

, s ; ne : P Tensile Strength, psi 1600 3500 

experience, they have learned that for serviceability, quality BAKELITE Elongation, % 200 260 


vinyl insulated wire offers an impressive list of advantages including ERaeaee dane alerae coat oneemion 





... Outstanding resistance to aging, exceptional toughness, resistance 


to deformation, moisture and chemicals, flame resistance, and good 






electrical properties. 







Demand the reliable performance of appliance wiring and flexible 


UNION 
CARBIDE 


cords insulated and jacketed with BakELtre vinyl. For more informa- 
tion on the materials listed by Underwriters’ Laboratories, write 
Dept. IH-42F, Union Carbide Plastics Company, Division of Union 
Carbide Corporation, 270 Park Avenue, New York 17, New York. 


- ~ » * aoe iad BAKELITE and Un1on CARBIDE are registered 
In Canada: Union Carbide Canada Limited, Toronto 12. 


trade marks of Union Carbide Corporation. 
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CUT CONTROL PANEL COSTS 


AND SAVE SPACE WITH 


COMBINED SIGNAL & SWITCH 


e for FREE 


n LIGHTED § 
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The most modern control panel designs 
combine indicator lights and 
pushbutton switches wherever possible. 
This cuts costs by reducing the 
number of components, and speeds 
assembly. Overall panel size can often 
be reduced as much as 76%. And 
these ‘‘human-engineered’’ controls 
sell better because operation is 
obviously simplified. Here are just 
three of the many lighted pushbuttons 


available from Control Switch Division... 


CONTROLS COMPANY 


SWITCHLITE Model J8003 shown is a 
single lamp, D.P.D.T., push-push. Independ- 
ent lamp circuit for 6, 14 or 28 volts. Rated 
3 amp res., 1 amp ind. @ 28 VDC or 115 VAC 
Mounts in %” dia. hole. 4 button styles, sev- 
eral lens colors. 


TWINLITE ... two lamps with independent 
circuits for 2-color lighting. Lens 1” x .740” 
in solid or split colors, with or without name 
plate slot. Momentary or push-push action, 
or solenoid-held switch shown above. Rated 
4 amp res., 2.5 amp ind. @ 30 VDC; 5 amp 
@ 125/250 VAC. Mount in groups or singly, 
using barriers. 


TREYLITE .. . three independent lamps 
each with color filter so three colors can be 
sequenced on white pushbutton screen 
D.P.D.T. switch rated 4 amp res., 2.5 amp 
ind. @ 30 VDC; 5 amp @ 125/250 VAC. Select 
momentary or push-push action. Models for 
flush-panel mounting (shown above) or sub- 
panel mounting 
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TYPE 150D—sSolid-Electrolyte Elec- Pr ompt delivery 


trolytics for transistor circuitry. 
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TYPE 120D—Foil Type Electrolytics 
for —55 C to +125 C operation. 
(Bulletin No. 3602A) 


With the increased availability of tantalum, Sprague can now 
offer its famous TANTALEX® Capacitor line on /arge-quantity, 
short-delivery schedules... covering complete ratings in all the 
types illustrated. 


TANTALEX Capacitors are backed by thousands of test 
hours. They’re characterized by extremely low leakage current 
and unusually high capacitance stability even at low tempera- 
tures. Sprague’s many types cover a temperature range of from 


-55 Cto +125 C; voltage ratings from !/2 volt up to 250 volts. 


SPRAGUE COMPONENTS: 





1 


TYPE 109D—sintered-Anode Elec- 
trolytics for 85C, printed wiring 
boards. (Bulletin No. 3700D) 


TYPE 160D—sSolid-Electrolyte Elec- 
trolytics for hearing aid applications. 
(Bulletin No. 3515) 


SPRAGUE 
200 D 





TYPE 200D—Porous Anode Electro- 
lytics for high capacitance at low 
voltage. (Bulletin No. 3705) 


WRITE FOR ENGINEERING BUL- 
LETINS on the Sprague TANTALEX 
Capacitors in which you're interested. 
Address your letter to Sprague Electric 
Co., Technical Literature Section, 
07 Marshall St., North Adams, Mass. 
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Equity in 
Government-Contract Patent Policy 


THE FEDERAL GOVERNMENT’S ever-increasing role in 
research and development carried out under con- 
tract with industrial firms has brought into focus 
more sharply than ever the important question of 
property rights in inventions arising therefrom. It 
is a very complex situation and there are no simple 
answers. Certainly, at this stage of the discussions 
now taking place among patent attorneys, govern- 
ment agencies and congressmen, we would be rash 
to do more than call attention to changes in basic 
policy that are being proposed, the varied view- 
points involved, and where the probable interests 
of our readers lie. We view our readers as the 
engineers and scientists who conceive and reduce to 
practice the novel ideas which often result in 
issue of a patent. 

Government-contract patent policy differs widely 
from department to department. It ranges from the 
Patent Office, whose job it is to “secure for a 
limited time to the inventor an exclusive right to 
his discoveries,” to the Atomic Energy Commission, 
which works under a diametrically opposed philo- 
sophy. The pertinent part of the AEC Act of 1954 
reads: 

“Any invention useful in the production or utilization 

of nuclear material or atomic energy, made or con- 

ceived under any contract, subcontract . . . with the 

Commission . . . shall be deemed to have been made 

or conceived by the Commission, except that the com- 

mission may waive its claim to any such invention or 
discovery.” 

Not only does this sweeping manifesto include 
all small subcontractors, but if there were any doubt 
as to the scope, the subsequent section (159) reads: 


“Nothing in the Act shall affect the right of the Com- 
mission to require that patents granted on inventions 
made or conceived during the course of federally 
financed research or operations be assigned to the U. S.” 


Patents thus acquired can be placed in the public 
domain at any time and often are so released to 
outsiders. 

Similar provisions are found in the National Aero- 
nautics and Space Act of 1958. The key Section 
305 states, in effect, that inventions shall be the 
exclusive property of the U.S. if the inventor was 
employed or assigned to perform research, devel- 
opment or exploration work under any contract of 
the Administration (NASA), or even if the inven- 
tion was indirectly related to the contract. NASA 
recommended to the previous (86th) Congress that 
Section 305 be replaced by provisions enacted for 
the National Science Foundation in 1950. That 
statute in Section 12 directs that each contract or 
“other arrangement” relating to scientific research 
“shall contain provisions governing the disposition 
of inventions produced thereunder in a manner 
calculated to protect the public interest and the 
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equities of the individual or organization with which 
the contract is executed.” There is no re- 
quirement that the Foundation (NSF) take title to 
any patents, nor is there even the requirement that 
a royalty-free, non-exclusive license be reserved to 
the Government. 

Out of the hearings on this proposal came a bill 
(H. R. 12049) which was passed by the House in 
June 1960. No action has been taken by the Senate. 
House hearings on this so-called Brooks Bill estab- 
lished that the interests of the public, of small 
business, and of the free-enterprise system will 
normally best be served by a policy of retaining to 
the Federal Government a non-exclusive license to 
use any patented inventions subject to the right of 
the patent owner to be compensated by a reasonable 
royalty—unless the invention arose out of Federally 
financed research and development without sub- 
stantial prior contribution of time, effort and know- 
how on the part of the patentee. In that case, the 
Government should obtain a royalty-free license. 
Rep. Overton Brooks (La.) believes that it is 
“Indian giving” for the Government to grant a 
patent and then find excuses for taking back the 
very grant that was the inducement offered the 
inventor to extend his best efforts on behalf of 
society. 

The merit of H. R. 12049 lies in its flexibility. 
The NASA Act, which it is intended to replace, 
is inflexible. Contractors are permitted to retain 
ownership in inventions made in the performance of 
NASA contracts if the best interests of the U. S. are 
served. To be sure that they are, rather complex 
waiver and licensing policies have been included, 
based upon an added principle. This is that the 
private party acquiring the patent rights from 
the Government should be required to exploit the 
invention within a reasonable period of time— 
otherwise, the rights will revert to the Government. 

As it stands, the present act requires the con- 
tractor to supply NASA with all technical data 
relating to the particular development, and this 
of course includes what would amount to the com- 
plete disclosure of a patentable idea and all trade 
secrets. 

In contracting for R & D work, up until recently, 
the Department of Defense (DOD) has been most 
liberal, generally maintaining the policy of retaining 
only a royalty-free, non-exclusive license and allow- 
ing the contractor to acquire patents on inventions 
that ensue from such work. Effective January 31, 
1961, the DOD now provides for the acquisition of 
title by the Government in specified circumstances. 
On the other hand, DOD attitude shuns such slo- 
gans as: “The Government pays, the Government 
owns.” It sees no parallel between a design en- 
gineer’s assigning a patent to his employer, and the 
employer (as a contractor) being fequired to assign 
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patents to the Government. The employee hasn't 
the facilities—nor, usually, the wherewithal—to 
exploit his invention commercially. His employer 
prevides all the facilities as part of the employ- 
ment agreement. On the other hand, the Govern 
ment has no desire to exploit inventions com- 
mercially, and certainly has no need to acquire the 
exclusive right to produce the item for the next 17 
years. Its needs are met otherwise. 

The DOD recognizes the problem of contractor 
reluctance (to accept a contract) largely because 
of patent policy provisions. Other government 
agencies have experienced it. The Department of 
Agriculture, which is required by law to obtain title 
to contractor inventions, has requested authority 
to grant exclusive licenses as the only practical way 
of getting certain inventions off the shelf. The 
Public Health Service, too, found that the only way 
it could get research work started in the cancer 
chemotherapy field was to offer to leave patent title 
with the contractors, subject to certain safeguards 
in the public interest. 

The fact that there are completely opposite patent 
policies among government agencies has led Con- 
gress to seek to set up by law an overall policy. 
The Brooks Bill is one such move. The Senate has 
two bills up for consideration, both introduced 
around March 1, 1961. One, S. 1084—the McClellan 
Bill—attempts to nail down the whole complex sit- 
uation in 14 lines. Leaving out the whereases, the 
significant words are: 

“That the United States shall have the exclusive right 

and title to any invention made by any person in the 

performance of any obligation arising from any con 
tract or lease executed or grant made by or on behalf 
of the United States. 

Notwithstanding any law, custom, usage or practice 
to the contrary, no invention resulting from a research 
contract or grant financed by the U. S. shall be pat- 
ented other than in the name of the United States and 
no patent resulting from such a contract or grant shall 
be issued, assigned, or otherwise transferred to any 
person, corporation, or association as compensation 
under any such contract or grant.” 


It is obvious that industry will oppose this bill 
because of its broad powers and its absolute in- 
flexibility. Moreover, any contractor will think 
twice before accepting an R & D contract unde 
such conditions or will quote a price which will 
recompense him for any possible inventions. 

Another bill, S. 1176, introduced by Senator 
Long of Louisiana, is much broader in scope and 
includes some discretionary power. It relates to 
acquisition and disposition of proprietary rights in 
scientific and technical information obtained and 
inventions made through expenditure of public 
funds. It would establish a Federal Inventions 
Administration with broad powers. It is intended to 
encourage the contribution to the U. S. of inventions 
of significant value for national defense, etc. The 
question is, will it? 

The Electronic Industries Association thinks not. 
In an only too obvious hypothetical “worst case” 
history entitled “An American Patent Tragedy,” 
which the EIA recently distributed, the point is 
made that if the Federal Inventions Administration 
Act is passed, any small businessman depending 
upon patent protection for growth would avoid at 
all costs taking a Government R & D contract. He 
would be tied up in knots. The author of this 


* Symposium on Government Contract Policy, appearing in the Winter 

1961 issue of the Federal Bar Journal, Washington, D. C., from which 

many of the above summaries of government-agency attitudes and 
ngressional thinking were drawn. 


allegory, E. J. Gorn, Raytheon patent attorney, is 
more objective in an article he recently contributed 
to a law journal.* He considers basically unsound 
the opposite extremes of inflexibility—the one 
found among the new Senate bills, the other 
espoused by industry—namely, that the Government 
should never take any greater rights than are now 
provided in one special section of the Armed Ser- 
vices Procurement Regulation (Sec. 9-107.2). He is 
all for the provisions of the Brooks Bill. 

His main point is that, in the profit sense, the 
Government does not really pay contractors any- 
thing for the making of inventions under an R & D 
contract. He reaches this conclusion on the basis 
that the Government pays the same or even less for 
a creative execution of a research project than it 
does for the most routine and non-creative work. 
Yet, for patriotic reasons, or (inversely) for fear 
of public disapproval, or (more likely) the hope 
of obtaining a later procurement contract, many 
firms do seek R & D contracts. There is no quarrel 
with the Government’s right to use both the data 
and the inventions ensuing from the development 
contract in procuring products from any other 
source. What industry fears, according to Mr. Gorn, 
is that Government may take from the contractor 
and give to his competitor an invention which 
might form a new or improved commercial product 
and which would normally be protected by patent 
rights. There is no doubt that patent stimulus 
operates not only to generate inventions, but also 
to induce industry to undertake the work necessary 
to manufacture and merchandise the product. 

Since the Government has the right to have any- 
thing made for it without paying any fee on the 
patent an R & D contractor may have obtained, what 
additional right could be gained by having full 
title to the patent, as Bill S. 1176 provides? Theor- 
etically, it could exclude any manufacturer from 
making or selling such a device or product. Actual- 
ly, the Government has never exercised the right 
of exclusion: instead, it has usually offered royalty- 
free licenses to any who wished to use the inventions 
involved. 

Mr. Gorn feels that Bill H. R. 12049 is a proper 
solution to all the conflicting interests involved. It 
establishes the principle that the contractor should 
retain the commercial right to his inventions unless 
there are sound and overriding needs for greater 
rights in the United States in the interest of national 
security or the general welfare. 

Most will agree with Attorney Gorn’s proposal 
that, after a thorough and objective study, Con- 
gress formulate and pass legislation establishing 
a national policy with respect to determination of 
property rights to inventions made during the 
course of Government-sponsored contracts that will 
do the following: (1) protect the public interest 
and the equities of the contractor, (2) promote the 
sound economic development of our free-enterprise 
system, and (3) be flexible enough to prevent the 
imposition of artificial and unnecessary restraints on 
the ability of any government agency to carry out 
the work assigned it. The question remains, how? 
Certainly a compromise must be worked out between 
the extremes of established private patent rights 
and total government ownership as proposed in the 


McClellan Bill. 
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Problems 


What obstacles still beset the production 
of microelectronic devices and their system 
applications? Here is an objective exami- 
nation in terms of: 

® materials e yields 
© techniques ® costs 
© reliability © standards 


e design integration 


ALEX. E. JAVITZ 


Special Features Editor 


By GENERAL AGREEMENT, the current state of the art in 
microelectronics is a difficult subject to discuss. The 
copious recent literature, the many recent papers pre- 
sented at symposia and conferences, the frequent pub- 


Microelectronics 


licity releases—all have too often been surcharged with 
partisan emotion rather than characterized by engineer- 
ing dispassion. Critical examination of the various inter- 
related aspects of the many problems common to the 
research and development of all types of microelectronic 
devices has been replaced by undue emphasis on the 
promotion of one technique or another against the field. 
As a result, a succession of claims has been prematurely 
advanced, and the intrinsic value and true high promise 
of microelectronics have thus been unfortunately—and, 
in fact, unnecessarily—submerged by confusion, contra- 
diction and disappointment. 

What follows here, therefore, is an attempt to sum- 
marize and interpret objective and frequently uninhibited 
comment received from a selected panel of specialists in 
response to a specific invitation to discuss the current 
problems in microelectronics in non-partisan terms, Con- 
tradictory viewpoints will be given as well as those in 
which there seems to be a consensus. Although permission 
for direct quotation has been granted in several instances, 
for the sake of uniform treatment, all comments will be 
considered as “off-the-record,” and thus none will be 
attributed to any given source. The individuals and com- 
panies participating, however, are credited at the end of 
the article. 


Materials 


In the general context of the economics of microelec- 
tronics, the present state of materials knowledge and de- 
velopment is probably adequate to support further prog- 
ress for some time to come. In specific areas, such as 
thin-film circuits, however, the need for continuing re- 
search shows no let-up. 

A major, and still unresolved, problem is the need for 
dielectric thin films with a high dielectric constant of, 
say, 1000 or better (as against values of 6 to 80 now 
being obtained). Films of this characteristic are needed 
to make possible capacitive function in a limited area. 
Another unresolved problem is the need for thin films 
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with reasonable values of inductance higher than the 
low microhenry range. 

Much work is being pursued on silicon monoxide and 
silicon dioxide vacuum-deposited thin films free of pin- 
holes. The techniques used in this work result in the 
formation of thin-film circuits through a single evacua- 
tion of a high-vacuum system. Consequently, certain 
processing and cost advantages are claimed in comparison 
with the techniques that require combination of electro- 
chemical methods and vacuum deposition, such as are 
involved in the electrochemical formation of oxide dielec- 
tric films on vacuum-deposited tantalum-metal film. 








Yet, the very fact that so much effort is being dupli- 
cated in thin films is strongly criticized: “Unfortunately,” 
runs one comment, “throughout the [microelectronics | 
industry, there appears to be a considerable duplication 
of effort. For example, in the area of thin-film capacitors, 
a tremendous amount of effort has been expended de- 
veloping the same process for depositing silicon mon- 
oxide capacitors, yet no one appears to be able to make 
first-rate capacitors with this material. Rather than every- 
one developing mediocre capacitors, some diversification 
of approach could lead to the fabrication of higher- 
quality components from yet-unexploited materials and 
methods.” 

Power dissipation is an obvious critical problem in 
microelectronics if high packing densities are to be 
achieved. Consequently, silicon is seen as probably the 
most ‘important material in this field, since its use leads 
to the fabrication of devices with extremely low leakage 
currents—a prerequisite for low power dissipation. For 
other reasons, germanium too will retain its position as 
a major material. One comment predicts that “for the 
next few years, all significant work on microelectronics 
will be restricted to germanium and silicon.” 

The subject of reliability will be discussed in some 


Techniques 


It is obvious from the preceding section that the prob- 
lems of materials and techniques are actually associated. 
Techniques, in turn, are related to costs and reliability. 
In this section, however, we will endeavor to present 
some viewpoints that deal essentially with techniques in 
the sense of processing. And it is here that some dia- 
metrically opposed viewpoints exist. At one end, we have 
the broad opinion that the development of brand-new 
techniques is not needed, since the methods for thin-film 
preparation and handling and for the doping of semi- 


Defining *‘Microelectronics”’ 


The term “microelectronics” is used in this discus- 
sion in its generally accepted sense of encom- 
passing devices and circuits in the following 
categories: 


a. discrete miniature electronic parts intercon- 
nected by any of a number of unique methods 

b. thin-film integrated circuits with attached 
eased or uncased semiconductor and other dis- 
crete components 

c. solid-state circuits formed by a number of 
techniques on or in a substrate of semiconducting 
solid-state material 

d. devices that accommodate all three of these 
techniques so as to utilize the best that each has 
to offer for a particular system design requirement, 
and 


e. the “true” molecular function block. 


For a detailed description of the various tech- 
niques and some specific devices, the reader is 
referred to “Microelectronics,” John R. Riggs, 
EvecrricAL MANUFACTURING (now Exectro-TecH- 
NOLOGY) p 121, September 1960. 
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detail in a later section, but the relationship between 
reliability and materials should be obvious. In this re- 
spect, additional comment on silicon emphasizes its in- 
herent reliability. Surface-layer diffusion processes are 
relatively simple. Silicon oxide is extremely useful as a 
masking material to prevent the diffusion of some ele- 
ments in unwanted areas. The oxide coating, if suitably 
formed or used in connection with passivation treatments, 
greatly enhances the reliability of devices or circuits 
made from silicon. The ability of silicon surfaces to be 
passivated so as to preclude undesirable effects of gases 
or vapors on the components of a solid-state circuit is 
especially important. 

In fact, the surface passivation of microelectronic ma- 
terials constitutes one of the most pressing current prob- 
lems. Significant gains in reliability are expected when 
further investigations are completed and the mechanisms 
of passivation are more fully understood. 

In a broader materials sense, it is noted that, for the 
full realization of given electronic functions, microstruc- 
tures will need to draw on a wide diversity of sources— 
not only on semiconductor, dielectric, and magnetic ma- 
terials, but also on electroluminescent, photoconductive, 
magnetoresistive, “ryogenic and other materials. 


conductors are sufficiently well understood at present. 
On the other hand, it is pointed out that certain tech- 
niques by now some six years in development are still not 
complete and that they will not be complete for some time 
to come. Particularly, thin-film semiconductor devices, 
deposited as an integral part of electronic functions, do 
not appear to be perfected at this point. Nor are deposited 
large-value inductors. 

Consistency in process techniques has to be related to 
specifications for reliability levels. This fact is frequently 
overlooked. In this respect, the semiconductor integrated 
device offers some advantages since it draws heavily on 
the process experience of transistor fabrication, while the 
thin-film technique has relatively limited supporting pro- 
duction experience. On the other hand, the requirements 
for semiconductor integrated devices may impose de- 
mands on resistivities, dimensional tolerances and bond- 
ing that were not required in transistor practice. 

Generally, it is felt that the thin-film technique and the 
functional block (single crystal) technique will move 
forward in parallel. At present, the thin-film approach 
seems mostly suitable for passive circuitry and intercon- 
nections; the functional blocks for active devices. The 
ultimate goal for one overall technique, however, is most 
likely to be achieved by the functional-block approach. 
However, the word “ultimate” warrants emphasis: any 
temperate consideration of functional-block structures 
“must face up to tolerance, reliability and power prob- 
lems on a packing density scale so severe that the prob- 
lems appear to be beyond solution with components made 
individually by the most sophisticated present-day tech- 
nologies.” Within the foreseeable future, it is expected 
that practical microelectronic circuits will necessarily 
“take the form of hybrid structures employing both indi- 
vidually fabricated components (which may be of a basic, 
complex or integrated nature) and single-process com- 
ponent arrays, all mounted or processed onto a suitable 


ELECTRO-TECHNOLOGY 


insulating substrate.” Costs as well as levels of reliability 
will of course determine the exact composition of given 
structures. 

Control or monitoring systems used in vacuum deposi- 
tion work have gained varying degrees of acceptance. In 
the opinion of some, such control systems are still “in 
their infancy,” and fail to provide precise methods for 
reproducible control of the quality of material evapo- 
rated, the elapsed time, and the given geometry. Work 
in electron-beam evaporation is aimed toward the achieve- 
ment of this objective. As a result of the still-existing 
limitations in vacuum-deposition control systems, there is 
some strong feeling that much more study is needed be- 
fore multi-layer thin-film configurations can be employed 
in production-quantity microcircuits. This comment is 
qualified by the concession that there is considerable evi- 
dence that such multi-layer films have successfully with- 
stood environmental extremes. For the present, however, 
a “walk-before-you-run” approach is advocated and a 
preference for fine or precisely patterned single thin-film 
circuits is expressed. True enough, ultimate circuit den- 
sity will not be achieved with single-layer films, but 
sufficient advantage is evidenced in comparison with 
conventional microminiature circuitry. 

Finally, perhaps the most important statement that can 


- « « On first things first 


“We're producing pretty small devices already; 
perhaps it’s time to slow down and consolidate 
what we have accomplished and get it into quantity 
military (and industrial) systems without further 
fanfare. We must resist the temptation to publicize 
and glamorize. Exoticism for the sake of exoticism 
never has any value; nor has small size for the 
sake of small size alone. The objectives of micro- 
electronics must be defined as: (1) reliability, 
(2) low cost, and (3) small size. When we lose 
sight of this relative order of importance, we run 
the risk of losing our direction.” 


be made on the subject of microelectronic processing or 
fabrication techniques is a deceptively simple one: each 
technique has its own optimum area or areas of applica- 
tion, but no one technique is universally the best. For 
each intended application, there should be a critical 
evaluation of microelectronic feasibility and, in turn, 
of the most suitable technique. 


Reliability 


There is general agreement that, in itself, the concept 
of microelectronics does not automatically lead to high 
reliability. Ultimately—perhaps in several years—reli- 
ability may be comparable to that of a good silicon 
transistor today. But for the present, any claims for, or 
assumptions of, reliability can be made only in terms of 
potential reliability, since insufficient time has elapsed 
for meaningful data to have been gathered. It is necessary 
now, and for a long time to come, to collect large quan- 
tities of performance data before valid statements on 
reliability can be made with conviction. 

Such meaningful reliability data will thus require 
processing consistency and progressive evaluation in lots 
of, say, hundreds of units. The problem of reliability is 


further complicated by a need to define reliability at the 
circuit level. This would be the fairest form of comparison 
from the viewpoint of integrated-circuit application, since 
an integrated circuit replaces a number of discrete com- 
ponents. However, it is pointed out that systems designers 
develop reliability data primarily at the component or 
equipment level, with little information in hand in regard 
to actual state-of-the-art circuit reliability with conven- 
tional components. As a practical solution, it is suggested 
that the reliability requirement for integrated circuits be 
the reliability figure of the weakest component of the 
circuit. Whatever transient solutions are proposed or 
utilized, however, it is felt that the production use of 
integrated circuits will require a broad-scale development 
and collection of actual reliability data at the circuit level. 


Yields 


On the question of yields in microelectronics, com- 
ment tends to range from the skeptical through the criti- 
cal to the analytical. The following selection of observa- 
tions and viewpoints is typical: 


e Without information on yields, it is difficult to determine 
how far any microelectronic approach is from full-scale 
production. To a large extent, developmental results are mean- 
ingless until and unless they can be related to yields. Yields, 
in turn, are related to costs. The circuit advantages claimed 
for microelectronics will thus have to be proved in practice 
if the application imposes a price penalty. 

e The relationship of yields to the economics of micro- 
electronics is almost linear, but actually we require an ex- 
ponential effect. It is important, of course, that we learn to 
utilize our materials and techniques so as to achieve com- 
plete microelectronic units at the highest possible yields, 
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but experience with semiconductor devices has already taught 
us that yield is not necessarily the most important objective. 

e As in all new devices, yields in microelectronics are 
low and costs are high. Nevertheless, there is already indica- 
tion that multivibrator blocks, for example, which contain at 
least two transistors plus several diodes, resistors and ca- 
pacitors, do not cost more than the total of the equivalent 
discrete components. There is thus no question in our minds 
that microelectronic blocks will replace individual com- 
ponents, primarily because the overall cost of such blocks 
will be equal to or less than comparable circuits assembled 
from discrete components. 

e Solid-state circuit microelectronics are probably ham- 
pered more by shortcomings in technology than by any other 
single factor. Industry is not yet able to control the formation 
of p-n junctions to a degree which will permit exceedingly 
high yields of high-performance diodes, transistors and 
voltage-variable capacitors. In fact, the control of impurity 
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distribution (and, theretore, oi resistivity ot semiconductor 
layers) and the control of imperfections in such structures 
still leave much to be desired. Consequently, when several 
high-performance active or passive semiconductor devices 
are to be included on a single piece of silicon, the modest 
yield associated with each device is multiplied by that of 
the other devices to obtain the yield of the overall solid-state 
circuit. A circuit having six components, for example, with 
average yields as high as 70 per cent, leads to a circuit yield 
of (0.7)*, or about 12 per cent. Beyond this point, one must 


allow shrinkage for coating or encapsulating the circuit and 
for shrinkage in any reliability tests which may be per- 
formed thereafter. In short, yields and costs are inversely 
proportional, and the circuit yields are the products of the 
yields of the individual components or processes employed 
in completing the circuit; the result is a high-cost circuit. 


As noted in these comments, the subject of yields is 
inescapably related to that of costs. In the next section, 
costs will be discussed in some detail. 


Costs 


Contrary to many assumptions, the costs of materials 
and of fabrication processes are not basic factors in 
microelectronics economics—even in the most complex 
devices. As in most other products, costs are actually 
more nearly the function of volume production and sales 
than of anything else. 

The inverse relationship between costs and volume is 
of course nothing new and has been experienced time and 
again in electronic components, devices and materials. 
In microelectronics, however, the critical element is that 
of reliability. The potential user (military or industrial 
system designer) wants to see many hours of large- 
sample quantity reliability testing accomplished before 
consideration is given to large-scale purchases. This, in 
turn, imposes on the device manufacturer the risk of 
large investments in production plants and _ reliability 
testing in advance of some degree of assurance that suc- 
cess would bring in sufficient business to permit amortiza- 
tion of the investment. If the microelectronics field were 
stabilized at present, the justification for such large in- 
vestments might be argued, but the field does happen to 
be fluid—a fluidity that is a function of its dynamic 
research and technological progress. Risks therefore can- 


. « « the microminiature system 


“It should be pointed out that the problems which 
must be solved in microelectronics are not only 
material or device problems. Quite the contrary, 
the ultimate problem will have to be solved on a 
system level, where such considerations as overall 
reliability, compatibility, and adjustability are en- 
countered. It is rapidly becoming apparent that 
the success of microelectronics will not only revolu- 
tionize the appearance of equipment but, even 
more profoundly, will completely change equip- 
ment-design philosophy. The traditional separation 
of component, circuit and system design must be 
expected to yield to a system-oriented design ap- 
proach operating within constraints set by the 
state of material chemistry and physics. The ‘build- 
ing block’ concept of system design will probably 
be inadequate to realize fully the possibilities of 
microelectronics, while conventional standardiza- 
tion and ‘preferred-circuit? concepts may be aban- 
doned. In summary, it can be predicted that the 
success of microelectronics will be predicated upon 
the design of microminiature systems rather than 
upon the microminiaturization of conventional 
system designs.” 
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not be disregarded. Obviously, some accommodation is 
necessary between the device manufacturer and the even- 
tual system user. Two approaches are suggested for this 
accommodation: 


1. The first approach is based on “pacing” the system 
design cycle in terms of one technique—say, the solid-state 
circuit. In effect, the system development program keeps 
pace a few steps behind device development. The systems 
engineer begins by evaluating those devices that have already 
been introduced into the market but that do not necessarily 
reflect the eventual devices which will be available a few years 
hence. By the time the new and advanced designs have 
reached prototype or initial production, the systems engineer 
will have already acquired experience with the earlier de- 
vices; he can begin to evaluate the new devices with the 
benefit of this experience. In fact, a continuing “learning 
curve” will have been established which will have a close 
relationship to rising volume and declining costs. 

2. In the second approach, the systems engineer moves 
through a sharply defined series of “progress plateaus,” each 
representing separate and progressively more complex tech- 
niques. Beginning with assemblies of discrete elements, such 
as the micro-module, or the “dot” and “pellet” type, the 
progression of plateaus would carry the systems engineer 
through the 2-D circuits, the solid-state circuits. and ulti- 
mately (when achieved) to the completely integrated thin- 
film devices that employ optimized materials for passive 
networks and thin-film crystalline semiconductor elements, 
and the true molecular function block. 


The merits of these two approaches would have to be 
assayed by the systems engineer in investigating the 
potential application of microelectronic devices. The 
sequencing of his program from one to another has the 
merit of conservative investigation and the acquisition 
of experience with all technologies. On the other hand. 
this approach may involve the cost of repetitive engineer- 
ing design time and reliability studies. 

But whatever approach is used (and other approaches 
not discussed here are no doubt possible), it should be 
realized that “the state of the art in microelectronics 
is flexible and can absorb progress.” Under appropriate 
conditions, devices of different types can be used with 
satisfactory compatibility. It has been pointed out, for 
example, that the micro-element, the basic unit of the 
micro-module, is not necessarily limited to such parts as 
resistors or capacitors, but can also accommodate com- 
plete 2-D circuits or solid-state circuits. 

Some comparison with cost history of the transistor 
may be pertinent. The emergence of transistors repre- 
sented a sudden research breakthrough and a drastic im- 
pact on electronic capability. Competitive interest of the 
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electronic industry naturally reacted with rapidly in- 
creasing use and, inversely, a steadily decreasing cost. 
In contrast, microelectronics (in fact, all types of micro- 
miniaturization) originally represented a forced growth 
in research, design and techniques to meet military per- 
formance, maintenance and logistics requirements. A 
much slower rate of cost reduction as a function of in- 
creasing volume is therefore to be expected. 

There is some strong and authoritative dissent, how- 
ever, on the question of the early need for mass produc- 
tion. It is felt that specific techniques must be improved 
before economical mass production can be expected, and 
that the issue should not be forced prematurely: “We 
don’t really know yet the demands for the ultimate in 
microminiaturization. We can find this out from the sale 
and assembly of micro-components into such circuits 
designed to minimize space and to maximize reliability 
at modest cost. While we are doing this, we can work on 
the shortcomings of the technology and accelerate the 
advent of the solid-state circuit as a mass-production 
item in a manner which is more sensible than that of 
attempting to mass produce something which can not yet 
be made economically in large quantities.” 

Some “ground rules” for achieving economy in micro- 
electronics are given by one source as follows: 


e The application of microelectronics to a given system 
program must be justified; it should have a decisive in- 
fluence on ultimate system performance. 

e The selection of any microelectronics technique should 
be equally realistic; it should be an existing technique. 
Extrapolation into future techniques may push a program 
from a development stage back into a research area. 


e To be of maximum value, the economics of any pro- 


- +» - on undue complexity 


“Three approaches are suggested for freeing micro- 
electronics from undue complexity: 


e First, resist the publicity given to every new 
laboratory trick, promise, and novelty. This is 
causing confusion and consternation and much 
disappointment on the part of the potential user. 
He does not know whom to believe, or on what 
he can count for his commitments. 

e Second, anticipate a gradual growth of circuit 
complexity as a result of a combination of develop- 
ment improvement and circuit and system-design 
education. 

e Third, prepare to work with and educate the 
system designer to the fact that the initial circuits 
that he is being offered are really no different from 
those he has been designing and building before— 
only the fabrication methods are so unique that 
the microelectronics designer must put the parts 
together for him and to his circuit demands.” 


ram should be evaluated in terms of equipment or system 
costs; in other words, our primary concern is with end-use 
total-cost economy. 


o 
rt 


e The key word in considerations of economics is “ade- 
quacy.” The end user should not have to pay for more than 
adequate performance. The marginal utility of exceeding the 
required adequacy in a given design program diminishes 
rapidly. Where conditions for trade-off exist, performance 
and other specifications that exceed adequacy should be 
traded for gains in economy. 


Standards 


The suggestion that the lack of standards may con- 
stitute a stumbling block in the way of progress in micro- 
electronics receives some support and some denial. The 
differences in opinion may be sharp, since they largely 
represent opposing philosophies of device design and 
techniques and of market cultivation. Here is a summary 
[The question of 
standardization, it will be observed, has two aspects: 
(a) fabrication methods, performance and _ reliability 
levels; and (b) standard or catalog circuits vs custom- 
designed circuits. | 


of some representative viewpoints. 


1. The field of microelectronics is spreading very rapidly, 
and because of many different requirements for functional 
blocks, it is not likely that standardization will be reached 
in the near future. It is expected that the first components 
to be standardized in circuit performance as well as package 
dimension will be highly repetitive computer subsystems. 

2. It is too early to standardize much in a field in which 
techniques are changing so rapidly. The recently heralded 
method of epitaxial deposition of semiconductors is opening 
a whole new vista of opportunities in solid-state circuits, and 
is leading to the improvement of semiconductor devices 
per se. This deposition technique furnishes an example of a 
rather revolutionary approach which would be hampered if 
circuits were limited by standardization to the kinds of 
characteristics which are obtainable through normal diffusion 
processes. On the other hand, if standardization on sizes and 


JUNE 1961 


shapes of circuits is useful or if standardization on functional 
blocks of certain kinds is helpful, such moves could be made 
if they do not preclude further work toward the combination 
of these blocks into larger blocks in the future. 

3. There is a growing recognition that, if standard circuits 
are to be evolved, the measure of circuit standardization 
must be the performance of the circuit, not its parts. If we 
attempt to put too many basic functioning circuits on one 
substrate, then the ability to standardize is seriously ham- 
pered and everything becomes “special.” This will not be 


+ + + summing up 


“To summarize, it can generally be said that, given 
any one of the general approaches to microelec- 
tronics with existing materials and techniques and 
only minor improvements in yields (but with a 
market capable of consistently absorbing a mass- 
produced volume), the economics of microelectron- 
ics becomes very favorable. It is of course, very 
difficult to predict where the break-even point oc- 
curs. But we are firmly convinced that, unless a 
major effort is placed on the standardization of 
circuitry, microelectronics will play a much smaller 
role in tomorrow’s electronics industry than has 
been predicted.” 








economical in the future. In addition, too much circuitry on 
any one single surface would bring into play the yield-com- 
plexity-cost balance that affects all of our work. 

4. Standards can be set in the area of methods and quality 
levels of microcircuit protection and interconnection, and 
even total external form factors might be standardized in 
the next several years. Form-factor standardization, how- 
ever, is difficult. Some organizations believe that all the re- 
lated circuitry of a fully functional portion of a system 
should be incorporated on one substrate. The argument here 
is that the number of interconnections is reduced. Others 
believe that the form factor should define the single elec- 
tronic part (resistor, capacitor, etc.). 

5. “Can the microelectronics device manufacturer define 
circuit performance and offer only catalog circuits, or will 
he be required to tailor his capabilities to custom design- 
ing?” At present there is no clear answer to this question. 
Some catalog circuits have appeared. With further experi- 
ence, a relatively wide acceptance of such items may be 
seen. Certainly, there can be a strong economic influence in 
their favor in comparison with the expense and time delay 
normally imposed by custom design. As against this trend, 
however, the constantly increasing sophistication of equip- 
ment design will continue to require custom-designed micro- 


electronics for optimum compliance with overall system 
needs. Here, design objectives will have to compromise with 
the time- and production-cost factors. Given sufficiently large 
production volume, however, custom-designed devices should 
be able to compete economically with catalog items. 


To develop some specific conclusions from these various 
(and contradictory) comments on the question of stand- 
ardization would be somewhat risky. It may be reason- 
ably said, however, that there appears to be a fair 
agreement that standards for fabrication techniques are 
desirable and (with some exceptions) can be developed. 
On the question of standard (catalog) circuits vs custom 
design, the field is still wide open and controversy rife. 

Interconnections seems to be the one area where the 
possibility of technique standardization is generally 
doubted. Owing to the widely differing requirements for 
package density, assembly costs and maintainability in 
various types of equipment, it is felt that no standard 
interconnection technique can be universally adopted, 
although it is conceded that a few techniques may become 
dominant. 


Design Integration 


An intangible, but vital, problem in the entire field 
of microelectronics is an apparent lack of communica- 
tion and understanding between the equipment and sys- 
tems engineer at one end and the device designer at the 
other. It is not the function of this discussion to allocate 
blame for this situation. The systems engineer has been 
working with discrete components, conventional packag- 
ing, and conventional circuits for many years. When he 
is asked to consider and eventually accept microelec- 
tronic devices, he quite understandably requires sound 
design information not the least of which, certainly, 
should be reliability assurance. Yet, it is in just this area 
of reliability that actual statistical data are still lacking. 
Obviously, the field is still too new to have accomplished 
the testing of thousands of circuits to destruction. So 
there is an impasse, and the systems engineer tends to 
assume a wait-and-see attitude. 

Yet, this impasse can be overcome and better communi- 
cation can be achieved. On their part, the microelectronics 
producers would do well to stick to factual and realistic 
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design data and eliminate the dissemination of frequently 
confusing and contradictory publicity. The systems en- 
gineers, on the other hand, should accept microelectronic 
circuits as both evolutionary and revolutionary factors 
in contemporary design practice. In many design pro- 
grams they would therefore be well advised to (1) phase 
a study of microelectronic devices into the first stages 
of a systems design cycle; (2) explore fully the capa- 
bilities of the immediately usable devices; and (3) ex- 
trapolate these capabilities to the next generation of de- 
vices currently in the development stage. 

It is perhaps on this note of design integration that 
we can conclude this examination of the various problems 
that are still facing the field of microelectronics. The 
better the communication between systems design and 
microelectronic design, and the closer the mutual under- 
sanding of systems requirements and device capabil- 
ities, the sooner can the various existing problems reach 
solution. O00 
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WOUND CORES Improve 
Transformer 
Performance 


A new design approach makes it possible to 
extend the benefits of wound cores to three- 
phase transformers. These gains include 
size and weight saving, improved cooling, 
and the various electrical advantages of 


balanced magnetic circuits. 


DR. COUROS GHAZNAVI* 

Director of Research and Development 
GuLow TRANSFORMER COMPANY 
Carlstadt, New Jersey 


RECENT INVESTIGATIONS have resulted in a new approach 
to three-phase transformer design, based on a funda- 
mentally new form of wound cut core. In some applica- 
tions, an accurately balanced three-phase transformer 
represents a significant advance of the art. Aircraft and 
missile applications require ultimate power output and 
reliability with minimum weight and physical size, and 
weight savings of ounces can be of vital importance in 
space weapon design. Of equal significance is the de- 
sirability of good heat dissipation—especially at very 
high altitudes, where thermal transfer by convection be- 
comes negligible. 

In the new design, the cores are 120-deg sectors of 
a circle, wound and lap jointed, Fig. 1. The core and 
coil assembly are banded together with a single strap. 
Each coil is placed over a pair of adjacent cores, re- 
sulting in physical separation of 120 deg for each coil. 
Thus, thermal interchange of heat between phases is 
minimized. In addition, the magnetic path of any phase 


* Dr. Ghaznavi is also Associate Professor, Electrical Engineering, Pratt Institute, 
Brooklyn, N. Y. 
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New design for three-phase transformers by Gulow Trans- 
former Corp. employs wound cores (inset) banded together. 


with respect to the other two is always symmetrical, 
yielding the desirable balanced condition. In d-c power 
supply applications, the core structure permits the use 
of rectifiers with significant space savings. 

The commonly used E-type core presents three separate 
paths to the flux, producing a non-symmetrical magnetic 
path. This undesirable effect does not occur in a three- 
phase transformer with three separate cores. The new 
circular design makes feasible the application of grain- 
oriented steel in three-phase transformers, with the ad- 
vantage of a symmetrical magnetic circuit. 


Harmonic Components 


It is useful to discuss quantitatively the harmonic 
contents of the voltages and currents in different trans- 
former connections. Consider a three-phase transformer 
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Fig. 1 


Dimension symbols for comparison analysis of typical 
commercial E-core (a) and the new circular core design (b). 


composed of three single-phase transformers. To simplify 
the discussion, we consider only the third-harmonic com- 
ponents of currents or voltages. 

If delta-connected transformers are identical and the 
line voltages are balanced, there can be no third-harmonic 
currents in the line. However, there must be third-har- 
monic components in the exciting currents of delta-con- 
nected transformers because of the nonlinear magnetic 
characteristics of the cores. These third-harmonic com- 
ponents are instantaneously equal and in the same direc- 
tion. They flow within the primary delta but do not ap- 
pear on the lines. 











Fig. 2 
ation with time is shown (a) along the periphery and (b) 
in the legs. Diagram (c) shows third-harmonic flux paths in 
the circular core, and (d) represents fundamental flux distri- 
bution. 
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Flux paths in the circular transformer core. Flux vari- 


The third-harmonic components of the exciting cur- 
rents in the delta-connected primaries cause some leak- 
age impedance voltage drops in the primary. Since the 
applied voltage is sine-wave, some third-harmonic voltage 
will be induced in the secondary. If the secondaries are 
delta-connected, a small third-harmonic current will cir- 
culate in the delta. If the secondaries are wye-connected, 
a small third-harmonic voltage to neutral results. How- 
ever, these third harmonics are not present in the line-to- 
line voltages. 

With wye-connected primaries, if the neutral is con- 
nected to the source neutral and the applied voltage is 
a sine wave and balanced (the three transformers are 
supposed to be identical) the neutral current then com- 
prises only the odd harmonics, mostly third harmonics. 
If the neutral is isolated, the third-harmonic current 
cannot circulate. Consequently, the flux is no longer sinu- 
soidal and, if the secondary is wye-connected, the third- 
harmonic voltage to neutral occurs. Of course, these 
third-harmonic voltages are much smaller in E-cores or 
circular cores than in three separate transformers. 

In an E-type transformer, however, due to the non- 
symmetrical magnetic path, a voltage of fundamental 
frequency results if we open the closed delta of the 
secondary. In measurements of an E-core and a circular 
core, for the same number of turns on both transformers 
and the same turns ratio, we obtained 1 per cent nominal 
voltage across the open delta in the E-type core and only 
0.1 per cent voltage in the circular type. Both transformers 
were wye-delta connected. 


Transformer Core Window 


A comparison reveals that, for the same weight of core 
material, there is more available window in the circular 
core than in the E-type core. The comparison may be 
shown as follows, referring to Fig. 1: 

Theoretical circular window: 


rs? 38 . 78 348 38 
[yee ee 
assuming 
A =1.18 
Then 
rs! 308 "38? [2.548%] 
ae 


The approximate mean length of 14 of the circular type 
core: 


T + 2 > 
(244) eee. my te 


2 
J ~ 


The approximate mean length of the E-type core: 
core “C” length = 4F + 2G + 16E 


The mean length of core “A” or “B” = 2G + 2F + 4E. 
Then the total length would be 1, = 6G + 24E + 8F for 
E-type core, and total length for the circular would be 
=—t 3 OK Bae. 

Let us suppose the strip widths D of both cores are 
the same. If so, in order to get the same volume, we 
should have the same length. Then 


6G + 24E + 8F =3 X 2.15 (1) 
assuming 
E = 0.2F (2) 
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To have the same section area with the same D, we should 
have 


0.27 = 2—* (3) 


with A = 1.18 or 4F = 8. Substituting Eqs (3) and (2) 
into Eq (1), we get: 
6G + 4.8F + 8F = 12 x 2.1F 
G = 2.05F 
The total window of the E-type core is 
Ag =2 X 2.05F? = 4.1F? 


and for the total window of the circular type core, 


9 
~ 


2 9 5 SZ 2 
5%, _ 2.54 X 16F? | ay sem 
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Ac _ 10.16 


i” te °** 


In the E core, 24 of the winding is placed in the window, 
but in the circular core, the whole winding is placed in 
the window. Therefore, we can say (approximately) that 


° 


the usable window ratio would be equal to 2.46 * 2 


We can also calculate the optimum dimensions of the 
circular unit for maximum window obtainable. In other 
words, we are looking for the relationship between out- 
put power and the ratio of outer diameter to inner 
diameter. This calculation would be similar to the cal- 
culation for a toroidal core. We know that the amount 
of conductor that can be placed in the window is a func- 
tion of area, and therefore the current in the winding 
would be: 

= JKiA; 
where 
= current density 
= inner area 
= constant determined by the insulation, wire size, num- 
ber of turns, etc. 

The voltage induced in the winding is a function of 
the flux density and the iron area of the core: 

V = K.BA, 
where 

B = flux density 


A; = cross-sectional area of the core 


K, = constant determined by number of turns and frequency 


In the case of the circular core, Fig. 2: 


Av=(%) -: 


Fig. 3—Comparison of winding space utilization efficiency using 
various modes of stacking the winding. Two winding stacks of 
equal area, left, give a space factor of 64 per cent, whereas in 
the form at the right (in which A, = A, + A,) the factor 
is 71 per cent. 


and 


A, = P(A — 6) 
The power is: 


bm Vis ae » (4) we lie ed | 


To get the maximum power, we should have 


: -7(4) pte (a —8)8+6(0 —3 


—6.858? + 7.575A — 1.5A? = 0 
6 =0.85A 


A = 1.186 


It is possible to wind windings on the circle portion 
of the circular core. Figure 2 shows the flux distribu- 
tion in the different parts of the core. For maximum 
utilization of a circular window, it is apparent that the 
various possible combinations of winding stacks must be 
considered and evaluated. In Fig. 3, for instance, a 
comparison is shown between using two stacks of equal 
cross-sectional area for a winding, and three stacks in 
which the area of the largest stack equals the sum of 
the other two stack areas. The latter arrangement gives 
a better space factor. 


Measurements 


In order to compare the E-type core with the circular 


Table I—Comparison of Dimensions between an E-Core and a Circular Core (Fig. 1) 


Weight 
14.5 oz 
Weight 


Circular core 15 oz 
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Gross area Window area 


(D X 2E) = 0.313 sq in. 2.438 sq in. 
Gross area Window area 


0.318 sq in. 4.9 sq in. 
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Fig. 4—Relations between magnetizing 
current and applied voltage, for typical 
E-core and for circular core. 


(solid lines). 


design of the same power, a standard commercial E-core 
and the circular Gulow core A-4670 were tested. The 
weights of the cores and the sectional areas are about 
the same, Table I. 

For the first test, the coils of both transformers had 
the same number of turns, turns ratio and wire size. 
This was called transformer Design A. Then, in order to 
use the maximum window area, the coils of the circular 
transformer were changed (Design B, Table II). 

The magnetization characteristics of both transformers 
were measured, using single phase. Each time, only one 
of the three coils was excited and, consequently, only 
two of the three cores were traversed by the flux. The 
three legs of the circular-core type present the same curve; 
but, as would be expected, the three coils of the E-type 
core have different magnetization characteristics, Fig. 4. 
The left and right legs have a higher magnetization 
current than the middle leg. The circular core, being 
slightly larger than the E-type core, has a higher mag- 
netizing current than the middle leg of the E-type core. 
These characteristics were taken from the secondary side 


Fig. 5—Comparison of temperature rise, typical 
E-core and circular-core transformers of two 
designs (see Tables I and II). Test conditions 
were 110 volts rms, 60 cycles, per phase, at alti- 
tudes of 50,000 ft (broken lines) and 90,000 ft 
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Fig. 6—Comparison of sea-level 
temperature rise, with air-blast 
cooling, for typical E-core and cir- 
cular-core transformers, 60-cycle 
operation. Ambient, 28 C. 


of the transformers. The calculation of turns was made 
for a maximum flux density of 17,000 gauss at 60 cycles 
and 55 volts rms per phase of the secondary. Both cores 
show a higher value of B-saturation. In many applica- 
tions, however, noise is an important factor. For this 
reason, the E-type core cannot be designed for a flux 
density higher than 16,000 gauss. Even at this value of 
flux density, the E-type core transformers are noisy. At 
equal flux density, the circular core transformer noise 
level is much lower than that of the E-type transformer. 
As the apparent saturation flux for both cores is over 
16,000 gauss, the circular transformer with its low noise 
level can be used at higher flux density than the E-type 
core transformer. 


Temperature Rise and Power 


In order to compare the power capacity of the two 
transformers, a temperature-rise test was first made by 
using the same number of turns, wire size and turns 
ratio in both transformers, Table II. 





Table ll—Winding Data for Test Transformers, Circular Core 





Number of turns per phase 


Core type Primary Secondary 
E-Core 1400 700 
Circular core: 

Design A 1400 700 
Design B 1400 700 





Wire size 
Primary Secondary Transformer weight 
31 AWG 28 AWG 1 lb, % oz 
31 28 1 lb, 121% oz 


30 26 2 Ib 
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Fig. 7—Comparison of sea-level efficiency of typi- Fig. 8—Comparison of sea-level 


cal E-core and circular-core transformers, 400- 
cycle operation. 


temperature rise, convection cool- 
ing, for typical E-core and circular- 
core transformers, 60-cycle opera- 
tion. Ambient, 25 C. 
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Fig. 9—Comparison of total losses for 
typical E-core and circular-core trans- 
formers, at 16 kilogauss, 400 cycle op- 
eration at sea level. 
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Figure 5 shows the results of this comparison. As the 
coil resistances of the circular transformer Design A are 
higher than those of the E-type core, the losses in the 
circular unit are more than in the E-type core, and the 
temperature rise should accordingly be higher in the 
circular-core transformer. In the case of forced-air or 
oil cooling, however, the circular transformer offers 
better heat dissipation than the E-type core. The experi- 
mental results demonstrate this fact (Fig. 6). 

At high altitude, the circular core also exhibits better 
radiation. For this reason, at 90,000 feet altitude the 
temperature rise of the circular core, Design A, is slightly 
less than that of the E-type core. On Design B of the 
circular core the maximum usable space of the window 
was used. In this case, the weight of the transformer 
increases compared to Design A. Compared to the E-type 
core, the temperature rise of the circular transformer 
is less and the efficiency of the circular transformer is 
higher than that of the E-type core transformer (Figs. 
5-9). 

This comparison indicates that, with the same weight 
and equal temperature rise, the circular transformer is 
capable of supplying about 10 per cent more power than 
the E-type core unit. 


Winding on Circular Legs of Core 


Calculation and tests show the possibilities of a wind- 
ing on the circular portion of the core. The following 
calculations and Fig. 2 show the various flux distribu- 
tion and induced voltages in different windings. In legs 
1, 2 and 3 there cannot be any third-harmonic flux cir- 
culating, because in each of the sectors 4, 5 and 6 the 
direction of the third-harmonic flux circulation is such 
that the total third-harmonic flux in the legs would be 
zero. Hence, any winding on legs 1, 2 and 3 would be 
free of the third harmonic. Some third-harmonic voltage 
would be induced in any winding on sectors 4, 5 and 6, 
depending on the degree of saturation of the core. In 
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some applications where these harmonics are not objec- 
tionable, windings on sectors 4, 5 and 6 can be used. 

In order to see the amplitude and phase relations in 
windings wound on legs and sectors of the circular core, 
the following calculations are used: 


e@ Three-phase voltage supplied to the windings on 1, 2 


and 3: 


Vi = Vsin aol 


V. = V sin (ut _ =) 
3 
V; V sin (wt _ 3) 


e@ Flux per turn in legs 1, 2 and 3: 


di = — —cos al 
w 


wD cy: t 2n 
og: = . cos {| wl — 3 
V ( a) 

o3= - — COS wl — 3 


e@ Flux per turn in sectors 4, 5 and 6 is given by: 


$1 7° = — l y oa wl + cos (wl — 120) | 


w 


cos (wl — 60) 


[cos (wl — 120) + cos (wt — 240) | 


— cos wl 
Ww 


and finally, 


are. ~ cos (wt + 60) 








Semiconductor Rectifier i 


Characteristics 


The characteristics of semiconductor rectifier cells are useless unless they 


are clearly defined by the manufacturer and understood by the user. 


Tests to determine and verify characteristics must be properly conducted 


to avoid unwarranted magnification of non-pertinent details and prevent 


damage to the unit being tested. Recent improvements in semiconductor 


rectifiers and the increasing severity of their application require a re- 


evaluation of their characteristics with regard to range of magnitudes. 


scale suitability. and types of circuits used in conducting tests. 


EDWARD J. DIEBOLD 
INTERNATIONAL ReEcTIFIER CORPORATION 
El Segundo, California 


SEMICONDUCTOR RECTIFIERS are essentially different from 
other passive components by virtue of their non-linear 
characteristics. Thus, they cannot be defined (as _resis- 
tors, capacitors, etc., can) by one single number, but 
must be described by current-voltage characteristics. 
(This article covers only the basic characteristics of recti- 
fier cells. Many other properties—such as avalanche 
breakdown, variable capacitance, negative resistance and 
temperature- or light-dependent effects—are not dis- 
cussed. ) 

The simplest representation of a rectifier characteristic 
is a plot of voltage vs current, covering the full range of 
forward and reverse values. Unfortunately, for a good 
rectifier, this turns out to be very close to a plain right 
angle, as shown in Fig. 1. The plot conveys very little 
useful information. 

To obtain a more useful characteristic, it is customary 
to change the scales of the forward and reverse portions. 
Figure 2 is the result. This representation has the dis- 
advantage that the uninitiated, by not carefully studying 
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the scales, may misinterpret the distortion created by the 
changes. To avoid this, it is customary to separate the 
forward and reverse characteristics and show them in 
two different figures. 

From Figs. 1 and 2, it is apparent that the forward 
characteristic is caused by a current which is impressed 
upon the rectifier by an external source. The forward 
voltage drop is a physical effect produced in the rectifier 
cell and is incidental. For very special applications, it is 
possible to impress a low voltage in the forward direction 


O -»Forward voltage 
-—_ 
Reverse voltage 


| Reverse current 


Fig. 1—Entire characteristic of a rectifier cell with the same 
seales used for both forward and reverse branches. 
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and obtain a current of uncertain magnitude. Because of 
the flat characteristic, the low internal resistance, and the 
temperature variations of this resistance, this reversal of 
cause and effect may be destructive. 

Similarly, the reverse characteristic is 
voltage impressed from an external source upon the recti- 
fier cell in the reverse direction. This 
current which is peculiar to the properties of the particular 
cell. Again, under special conditions, it may be possible 
to impose a small reverse current on a cell and observe 
the corresponding voltage, but this procedure may also 
be destructive. 

The characteristics discussed here are the so-called 
“static” characteristics. Theoretically, they are valid only 
for slowly changing voltages and currents or for d-c. 
Actually, however, modern semiconductor rectifiers have 


caused by a 


causes a reverse 


dynamic characteristics at low frequencies which are 
identical with the static characteristics. Thus, it is cus- 
tomary to obtain static characteristics by plotting in- 
stantaneous current and voltage at a low frequency (60 
cycles). 

Limits. For every rectifier cell there is an absolute 
maximum reverse voltage which is usually called the 
rated peak-reverse-voltage (or sometimes the transient 
peak-reverse-voltage). This limitation in the forward di- 
rection is not usually so well defined, since the maximum 
forward current depends on the duration of its flow. For 
a long-duration load, the maximum forward current is 
known and is frequently given as the limit. For very short 
overloads with fuse protection, it is customary to limit 
the forward characteristic to the current which can be 
carried safely for 10 millisec. 

Secondary Effects on Characteristics. The char- 
acteristics of semiconductor rectifiers are strongly in- 
fluenced by temperature. For silicon devices, the forward 
voltage drop decreases as the temperature increases. In 


Forword current,ma 


Reverse voltage 
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0.5 


Forward voltage 


nN 


Reverse current, 


w 


Fig. 2—-Characteristic of a rectifier distorted by the use of four 
different scales. 
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the reverse direction, both the shape and magnitude of 
the characteristic change as the temperature increases. 
The constant (saturation) part of the reverse current in- 
creases, but the avalanche breakdown limit recedes to 
higher voltages. Under transient conditions, substantial 
temperature gradients may be caused within the rectifier 
junction. For these reasons, the specification of tempera- 


Definitions of Terms for 
Rectifier Characteristics 


e Direct current or voltage: current or voltage 
which is entirely time-invariant (having eventually 
only a small ripple). 

e Uni-directional current or voltage: current or 
voltage composed of rectified a-c waves or other 
pulses separated by periods of zero current or 
voltage. In many cases, the use of the word 
“direct” when only a_ uni-directional pulsating 
value is meant can lead to severe misunderstand- 
ings. Uni-directional or alternating current and 
voltage values can be observed as instantaneous 
magnitudes which are time-dependent. The largest 
instantaneous value which is observed in any one 
cycle is called the peak. 

e Sustained values: currents or voltages having 
durations which are long enough to stabilize the 
electrical and thermal conditions in the device. 

e Transient values: currents or voltages which are 
essentially time-variant and self-decaying. They may 
be repetitive. 

e Surge values: currents or voltages occuring 
singly, as opposed to those which occur once every 
cycle. Surge values are usually understood to be 
excessively large and rapidly rising. 

e@ Average values: the equivalent direct values of 
uni-directional currents or voltages. An average 
value is equal to the graphically or electrically 
obtained mean over the full measuring interval 
(usually one cycle). 

e Root mean square (rms) values: the rms value 
of a current or voltage is the square root of the 
average of the squares of the amplitudes over. at 
least one full cycle. The resistive heating effect of 
an a-c current of a particular rms value is the same 
as that of a d-c current of the same value. 

e Rated current or voltage: an arbitrary figure by 
which a rectifier cell is designated. The magnitude 
of a rated value, as compared to the safe operating 
value under specific circumstances, is determined 
by standardization (based on acceptance test 
specifications), the comparative ratings of several 
manufacturers producing the same device, or the 
performance values determined from acceptance or 
service-life tests. 

e Recommended operating values: usually selected 
so that maximum overvoltages or overcurrents 
which can be expected will not damage the cell. 
e Crest voltage: the highest value of the funda- 
mental sine wave of the a-c voltage applied. 
Usually the maximum peak voltage is ee , 
higher than the crest voltage. 








Reverse current , samp, 
instantaneous values 





Reverse voltage, instantaneous values 


Fig. 4—Comparison of reverse voltage and current when recti- 
fier is subjected to a single-phase, half-wave voltage. 


ture limits, typical temperatures, or temperature coeffi- 
cients usually accompany published rectifier character- 
istics. 

In testing rectifiers, parameters in the test circuit may 
distort the measured characteristics. For example, high- 
impedance a-c power supplies may have the correct mag- 
nitude and shape of the output voltage with no load. 
However, when loaded, the shape and magnitude of the 
output may be considerably distorted. The shape of the 
output voltage may also not be strictly sinusoidal, and 
may contain peak values which are much higher than 
those expected. 

In forward characteristic tests, the current values are 
usually measured with a shunt. If the shunt has a high 
self-inductance, the current values are distorted. Other 
inductive phenomena which should be considered are: 
inductance in the power-supply circuit, which can modify 
the waveshape of the input current; inductance in the 
measuring loop, which can modify the voltage across the 
device; and mutual inductance between power and shunt 
leads, which can modify the measured current values. 

Other undesirable secondary effects are caused by cur- 
rent leakage across contaminated insulators, dielectric 
losses in insulators, and gas-discharge losses due to 
corona or surface discharges. All of these effects modify 
the apparent reverse characteristic and are signs of im- 
minent failure. 

Reverse Characteristics. The reverse portion of the 
characteristic shown in Fig. 2 may also be shown sepa- 
rately and inverted, so that it has the appearance of the 
curve in Fig. 3. Such a curve can be obtained by applying 
a d-c voltage to the cell and measuring the current. As 
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Fig. 3—Reverse characteristic transposed to the first quadrant. 
<€ 
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stated previously, this is (strictly speaking) a static 
characteristic; but a dynamic one made at low frequen- 
cies would not be very different. Only in very-fast switch- 
ing applications, when substantial capacitive currents are 
encountered, does the dynamic characteristic differ from 
the static characteristic. 

Reverse characteristics vary greatly from one junction 
to the next. In most cases, the actual shape of the reverse 
characteristic is immaterial as long as it remains within 
certain specified limits. It is ordinarily sufficient to know 
the maximum reverse current at a given voltage and 
temperature. Depending on the application, the informa- 
tion may be presented in one of several forms, which are 
described in the following paragraphs. 


@ Peak Reverse Current vs Peak Reverse Voltage: These 
values indicate absolute maximums. The average or rms 
voltage value which can be applied can be easily calculated 
from the peak value if the voltage is a sine wave. The average 
or rms current value is not so easy to calculate since the 
waveshape is probably not a pure sine wave. However, it 
can be determined from the voltage values by assuming that 
the rectifier is a pure resistance and that the values for the 
rectifier will be lower. 

@ Average Reverse Current vs Peak Reverse Voltage: 
These values are more desirable, since the average reverse 
current is a more usable value. Generally, the current value 
is for a full cycle of single-phase, half-wave rectification. 
Typical waveshapes in such a case are shown in Fig. 4. For 
these waves, the average reverse voltage is approximately 
31.9 per cent of the peak. The average current, however, is 
much less than 31.9 per cent of the peak. 

@ Half-Cycle Average Reverse Current vs Peak Reverse 
Voltage: These values are similar to those above, except that 
the current is averaged only during the blocking part of the 
cycle. It is thus twice as high. Although possibly this value 
is of use to the application engineer, it is hard to measure 
and should be avoided. 


Reverse current is sometimes measured by connecting 
two rectifiers in opposition and determining the total 
reverse current. Since the two cells may have entirely 
different reverse characteristics, however, the information 
obtained is not meaningful unless the two cells are ac- 
tually to be used together in a circuit. 

In view of the many different ways of interpreting, the 
reverse characteristic of a rectifier, it is essential to indi- 
cate exactly how the information is obtained. Statements 


which are not sufficiently qualified can easily lead to 
misunderstanding. 
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Forward Characteristics. For the same type and 
size of cell, the forward characteristic varies very little 
from one cell to another. In the forward direction, the 
rectifier is in series with the system of which it is a part 
and can be subjected to currents ranging from very low 
to very high. Performance at relatively low currents is of 
interest in applications in which the rectifier current ca- 
pacity must be severely derated because of heat-dissipa- 
tion limitations. Under these circumstances, it is im- 
portant to know exactly the amount of power dissipated 
in the rectifier. Hence, the forward voltage drop is of 
prime importance. 

In other applications it is necessary to know the 
threshhold value of the voltage which is required to ob- 
tain a minimum current. At the other extreme, when a 
rectifier is subjected to short pulse loads, its current 
capacity is determined by the amount of heat created 
during the pulse. Accordingly, it is necessary to extend 
the forward characteristic to the high-current values. 

To cover a wide current range, it is advisable to present 
the forward characteristic on either a semi-log or log-log 
scale.* 

Figure 5 shows a forward characteristic plotted on a 
log-log scale. This representation is particularly well 
suited for the purpose, because it shows that the forward 
characteristic is almost a straight line for low currents 
and approaches another straight line at high values, being 
slightly curved in the intermediate range. It can be shown 
that the steep slope at high currents is due to resistive 
effects. 

e Effective Voltage Drop. Figure 6 shows two types of 
single-phase, full-wave rectification. One is a center- 
tapped circuit in which only one rectifier at a time con- 
ducts. The other circuit is a bridge arrangement in which 
current flows to the load through two rectifiers in series. 
Because of the substantially non-linear characteristic of 
the rectifier cell, the forward voltage drop is not propor- 
tional to the current, but has a square-wave appearance 
[Fig. 6(c)]. From the application standpoint, it is de- 
sirable to express the forward voltage drop as an average 


* For a discussion of these techniques, see “Forward Voltage Drop and Power Loss 
in Silicon Rectifiers,” W. Luft, Trans. AIEE, Vol. 79, Part Il, p. 179. 


Fig. 6—Two types of power rectifier circuits, (a) and (b), and 
waveforms for forward current and voltage drop, (c). 
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Fig. 7—Half-wave rectifier short-circuited (a), and associated 
waveforms (b). 
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drop during the conductive part of the cycle. Thus, in 
the circuit of Fig. 6(a), the loss of direct voltage across 
the rectifier is equal to this value. In the bridge circuit, 
however, the loss is twice the value. The average forward 
voltage drop during the conductive part of the cycle can 
be measured with special instruments or integrated from 
instantaneously measured values. 

Because of the constant nature of the forward voltage 
drop, its full-cycle average depends more on the length 
of conduction time than on the cell properties. For in- 
stance, consider the circuit shown in Fig. 7. Because of 
the absence of a resistive load and because there is only 
one cell in the circuit, the current has a tendency to keep 
flowing during the entire cycle. There is only a short 
blocking period during which the current drops to zero. 
(The period is long enough to allow demagnetization of 
the transformer core.) The operation of the circuit then 
depends on the relative characteristics of the transformer 
and the rectifier. It is unwise to attempt to measure an 
average forward voltage drop in this type of circuit and 
use it in other applications. 

In three-phase rectification, the current duration in 
one cell during each cycle varies from a minimum of 120 
deg to as much as 140 or 150 deg. The peak current dur- 
ing this time is higher than the peak current in a single- 
phase rectifier. However, because of the non-linear for- 
ward characteristic, the peak forward voltage drop in a 
three-phase rectifier is not much higher than in a single- 
phase rectifier. The average forward voltage drop during 
the conductive part of the cycle is only slightly higher. 

If the curves of instantaneous forward voltage drop vs 
current are available, it is usually permissible to de- 
termine the forward voltage drop during the conductive 
part of the cycle by assuming that one cell carries the 
full direct current of one commutating group of phases. 
For the single-phase, center-tapped circuit, two cells are 
commutating and each cell carries the d-c of the load for 
half a cycle and has a voltage drop equivalent to this 
current, as shown in Fig. 6. Mathematically, the value 
of the forward voltage drop taken from an average cur- 
rent value is not exactly equal to the average of a for- 
ward voltage drop taken from a variable current, but 
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Fig. 8—Reverse current test circuit. 
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Fig. 9—Reverse current test circuit for high-voltage cells. 
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because of the flat shape of the forward voltage drop 
curve, this simplified procedure gives very good results. 

There are several methods of determining forward 
voltage drop by measuring the power loss in the forward 
direction. Such measurments, however, are relatively 
difficult to perform. If a wattmeter is connected so that 
it measures the actual losses in a rectifier, it will be 
subjected to high currents and voltages with a very small 
amount of active power. (In a good silicon rectifier, the 
active power is one or two per cent of the apparent 
Direct measurement of power losses by thermal 
methods is more advisable. 

Testing—General Considerations. In testing a rec- 
tifier cell, it is necessary to know the ratings of the cell, 
the type of circuit in which it 
operating voltage and current ranges. Unless destructive 
tests are planned, it is very unwise to extend the test 
limits beyond the peak voltage rating of the cell because 
it is a particular property of semiconductor rectifiers that 
they fail completely and without warning. Tests which 
are performed at operating conditions should also con- 
sider the factors of ambient temperature, cooling, inter- 
mittent loads, and overload protection. 

A rectifier test circuit consists of three essential parts: 
power supply, test specimen, and instrumentation. 


power.) 


is to be used. and the 


The power supply must have a voltage output which can 
be varied from zero to the desired value. The voltage, either 
a-c or d-c, must be absolutely free of distortions, transients, 
switching surges, or induced voltages. This condition is not 
easily satisfied and is frequently violated. When connecting 
or disconnecting the supply and the unit under test, test 
personnel must be protected from dangerous voltages. It is 
also important that the failure of any part of the power 
supply should not damage the test specimen. 

The test specimen must be mounted in such a way that it 
is adequately cooled and has appropriate means of electrical 
and mechanical fastening. The temporary mounting method 
must not endanger the specimen by providing eventual short 
circuits or grounding faults. 
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The test instrumentation, notably shunts and_ voltage 
probes, must be designed to provide true indications of con- 
ditions at the test specimen and not another part of the 
circuit. Voltage probes should be fastened independently of 
the power-supply leads. Current-measuring shunts should be 
without self or mutual inductance and should carry only 
the current through the specimen. In case the specimen 
should fail, the instrumentation must be well protected. 


One of the most difficult tasks in measuring semicon- 
ductor-rectifier characteristics is segregating the forward 
and reverse characteristics. The measurement of the re- 
verse characteristic requires the accurate determination 
of a very small reverse current when the forward current 
is much larger. Similarly, the accurate determination of 
the forward voltage drop can be impaired by the appear- 
ance of a small fraction of the reverse voltage, which is 
many times larger. The measurements can be obtained, 
however, with the use of properly designed measurement 
circuits and devices. It is also possible to subject the unit 
being tested to only one set of currents and voltages at a 
time (forward or reverse). This simplifies the measure- 
ments, but requires a special power supply. 

Except in the case of d-c measurements, the times dur- 
ing which power is applied and during which measure- 
ments are made must be clearly defined. Measuring in- 
stantaneous values is preferred, but rise and decay char- 
acteristics must be taken into account. Measuring average 
values with d-c instruments gives results which depend on 
the length of the voltage or current cycle. Root-mean- 
square values depend not only on length of cycle, but 
also on the shape of the current or voltage wave. The 
best measurements, therefore, are those made under dy- 
namic conditions which are representative of the actual 
operation. 

Reverse-Characteristic Tests. The 
determination of reverse characteristics is hampered by 
breakdown limitations of semiconductor junctions. Above 
a certain voltage limit, the reverse current and power 
increase very rapidly, generating heat in the device which 
changes the characteristic and which can be destructive 
if it is not dissipated. At a still-higher voltage limit, the 
cell will break down electrically, either by puncture or 
surface failure. For thermal reasons, it is preferable to 
determine the reverse characteristic by alternating or 


experimental 


pulse measurements. 

In all reverse tests, it is advisable to use a variable- 
voltage power supply, applying the voltage gradually, 
starting from zero and returning to it. This eliminates 
switching surges. If the voltage is applied all at once, 
transients must be entirely eliminated. This condition is 
difficult to meet with most equipment. 

Alternating current and voltage tests are preferably 
performed by taking advantage of the extremely high 
ratio of forward-to-reverse currents. If a specimen to be 
tested is connected back-to-back in series with a blocking 
cell which has a forward current rating comparable to 
the maximum reverse current of the test specimen, the 
reverse current of the blocking cell can be held at such 
a low magnitude that it is insignificant compared to the 
reverse current of the test specimen. Thus, the reverse 
current of the blocking cell (which is the forward current 
of the test specimen) is negligible, and the entire current 
measured in the circuit is the reverse current of the 


specimen. 
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Figure 8 shows a circuit for this type of test. The 
voltage on the secondary of the high-voltage transformer 
is measured on an rms-reading voltmeter. The test speci- 
men is supplied through a current-limiting resistor and 
the blocking diode. The resistance value of the current- 
limiting resistor is selected to cause a negligible voltage 
drop during the flow of normal reverse current, but to 
limit any fault current to a value which can be safely 
carried by the blocking diode. It is recommended that 
the voltmeter be connected before (as shown) rather 
than after the current-limiting resistor because the non- 
linear characteristic of the test specimen (avalanche 
breakdown) may cause a distorted voltage drop in the 
resistor—in which case, the rms voltmeter would indicate 
an incorrect value. The reverse current is measured by 
a d’Arsonval milliammeter. This test has the advantage 
of being simple, and yields results which are compatible 
with the practical application of the rectifier under test. 

The oscilloscope shown in Fig. 8 is used to display the 
reverse characteristic. The voltage from the shunt, repre- 
senting reverse current, is applied to the vertical amplifier 
and the voltage across the test specimen is applied to 
the horizontal amplifier. The oscilloscope may be cali- 
brated horizontally by replacing the specimen With a re- 
sistor which draws a current substantially larger than 
the reverse current of the blocking diode and substantially 
lower than the short-circuit current-limiting resistor. 
(Note that peak voltage on the scope equals 1.41 times 
the rms voltmeter reading.) The scope may be calibrated 
vertically by shorting the specimen. (Note that peak 
current on the scope equals 3.14 times the milliammeter 
reading. ) 

The reverse-current test on high-voltage cells is some- 
times difficult because no high-voltage blocking diode 
can be found. In this case, it is advantageous to use two 
identical specimens, connected back-to-back, as shown 
in Fig. 9. The two blocking diodes in series with the 
milliammeters must have sufficient capacity to carry the 
reverse current of the specimens, low enough reverse 
current to be negligible to the reverse current of the 
specimens, and a blocking-voltage value which is very 
low. It is essential that good grounding be provided at 
a definite point in the circuit to protect the operator and 
eliminate undesirable flashovers. In all high-voltage tests, 
it is necessary to keep stray capacitive currents to a 
minimum. If this is not possible, the measuring methods 


are much more complex because they require segrega- 
tion of resistive and capacitive currents. 

The reverse voltage across a rectifier operating in a 
power circuit is best observed on an oscilloscope cali- 
brated as described above. Voltage vs time curves alter- 
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Fig. 10—Reverse characteristic test circuit with test specimen 
operating at full load. 
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nate between a low forward voltage and a substantial 
reverse voltage. Oscilloscopes with d-c amplifiers permit 
the segregation of these voltages. 

To obtain the reverse characteristic at full load, it is 
necessary to use a back-up rectifier as shown in Fig. 10. 
The back-up cell must be capable of carrying the full 
forward current and have a low reverse current at the 
value of reverse voltage that is developed across the shunt. 
The characteristic observed on the scope will show both 
forward and reverse voltage. 

Forward-Characteristic Tests. The simplest way of 
determining the forward characteristic is by applying a 
d-c voltage to the test specimen. Because of the amount 
of heat developed, however, this kind of test cannot be 
extended to high-current values. The heat developed also 
influences the characteristic itself. Pure d-c tests are 
therefore inadvisable unless the rectifier is to be used 
in a d-c circuit. 

Tests using a-c must be made, but it is necessary to 
keep in mind that the length of the conduction period is 
an important factor in determining the forward voltage 
drop, unless the drop is measured instantaneously. As 
a further complication, the accurate measurement of in- 
stantaneous forward voltage drop is hampered by its 
low magnitude, which can easily be overshadowed by 
inductive effects. 

Measurements of forward voltage drop must be made 
with an understanding of the specimen’s probable char- 
acteristic and with the proper test equipment. For a-c 
measurements, in which an average value of forward 
voltage drop is desired, it is essential to have a circuit 
in which the current flows during a definite and constant 
part of the cycle. Such a circuit is shown in Fig. 11. 
A single-phase a-c current is split between two equal 
and opposite halves of the circuit, one half containing 
the test specimen. Any residual reverse voltage across 
the specimen is eliminated by using a low-reverse-current 
blocking cell and shunting the specimen with a bypass 
resistor. Thus, the instrumentation is subjected only to 
forward effects. 

Voltage drop in the load resistor should be substan- 
tially larger than the drop in the test specimen. The re- 
actances of the variable-voltage transformer and the 
primary of the low-voltage transformer, when referred 
to the secondary of the latter, should be less than the 
resistance of the load resistor. These requirements are 
necessary to achieve a low-voltage, high-current, resistive 
load in which the current is a sine wave in phase with 
the voltage. The forward voltage drop across the bypass 
cells must be approximately equal to the drop across the 
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Fig. 11—Forward characteristic test circuit. 








test specimen and the blocking cell. Furthermore, the 
loop inductance between the two parallel branches should 
be as low as possible. 

As an example of the components which would be 
used in the circuit shown in Fig. 11, consider the testing 
of a rectifier at an average current of 300 amp per cycle. 
This means that the peak of the sine-wave current is 943 
amp in the secondary of the transformer, with an rms 
value of 667 amp. It is also assumed that the forward 
voltage drop during the conducting period is 1.2 volts 
average per cell, with a drop across the shunt of 
0.05 volt. These voltages can be approximated (for the 
full current of 300 amp) as consisting of a 1.6-volt 
counter-emf plus a 0.85-volt JR drop. (This fixed 
counter-emf is actually fictive, since the rectifier has a 
curved characteristic.) To obtain a current with only a 
slightly distorted sine wave, the value of the total re- 
sistive drop should be five to ten times that of the non- 
resistive, forward voltage drop. Hence, assuming that 
the low-voltage transformer has a secondary voltage of 
12 volts rms, its average voltage per half cycle will be 
10.8 volts, or approximately 6.8 times the non-resistive 
part of the specimen voltage. The equivalent resistance of 
the entire secondary circuit would then be 18 milliohms. 
If the reactance of the specimen and by-pass cell in 
parallel is to be below 5 per cent of the cell dynamic 
loop resistance, it must be less than 70 X 10°° ohms. 
This corresponds to an inductance of less than 0.19 X 
10° henry. Similarly, the reactance of the two trans- 
formers referred to the secondary should be substantially 
below 18 milliohms. An oscilloscope can be connected 
to the circuit shown in Fig. 11 to obtain a trace of the 
forward characteristic. 

If it is desirable to obtain a forward voltage-drop 
reading for a device operating under full load in a 
power circuit, the circuit shown in Fig. 12 may be 
used. The forward voltage drop is read on a milliam- 
meter. A blocking diode prevents current flow through 
the meter in the reverse direction and a by-pass diode 
prevents the flow of the blocking diode’s reverse current 
through the meter. To prevent damage to the instrument 
due to a wrong connection of the test leads, a protective 
diode is connected across the meter. A high forward 
voltage applied to the test leads would cause a large 
current through the blocking diode and the protective 
diode and would blow the fuse. 

Load Tests. The correct performance of a rectifier 
cell can be evaluated only in a load test. Cells have been 
known to show satisfactory reverse and forward char- 
acteristics measured individually, but fail immediately 
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for calibration 
Fig. 12—Forward voltage drop instrument circuit. 
»>—- 
Fig. 13—Circuit for making load test. 
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when subjected to a load. Such failures can be due to 
any one of a number of causes. 

A load test consists essentially of a complete rectifier 
equipment, including protective switchgear, power trans- 
formers, a number of rectifier cells, and a load (either 
resistive or resistive and inductive). Because of the power 
which is consumed and the necessity of removing the 
heat produced in the load, load tests require heavy 
equipment and are expensive. 

A load-test circuit is shown in Fig. 13. At the left 
side of the circuit is the power supply, consisting of a 
contactor with protective elements, a transformer, a load 
resistor and three rectifiers, connected as three legs of 
a bridge. The fourth leg of the bridge is provided by 
the test circuit. A back-up diode is connected in series 
with the test specimen to provide for measuring the re- 
verse characteristic. In parallel with the back-up diode 
are the reverse-current milliammeter and a_ blocking 
diode, which prevents forward current flow through the 
meter. Under normal operation, the back-up diode blocks 
only a very small voltage, but carries the full forward 
current. The test specimen is shunted by a circuit similar 
to that shown in Fig. 12 for measuring forward voltage 
drop. A load-test circuit similar to that in Fig. 13 can 
also be conceived for three-phase operation. It is also 
possible to obtain the cell characteristic by connecting 
an oscilloscope to the circuit. 

The large power- and heat-dissipating facilities neces- 
sary for load testing can be partially eliminated by the 
use of a motor-generator setup such as that shown in Fig. 
14. The generator must be rated at the full power capacity 
of the rectifier being tested. The rectified power from 
the test cells is supplied to the d-c drive motor. A three- 
phase induction motor provides excitation and supplies 
power losses. With this arrangement, the test circuit is 
independent of voltage transients, sudden frequency varia- 
tions, or sudden changes in the system voltage. 

This system also has the advantage that field controls 
for the motor and generator may be coupled in such a 
way that the rectifier load is determined by the difference 
between the two field excitations and the voltage level 
of the test is determined by the average of the two excita- 
tions. Independent current and voltage control are also 
achieved. 

The motor-generator test resembles a simulated load 
test, inasmuch as little power is wasted, but it is a true 
load test for the rectifiers. Its major drawback is the 
cost of the machines, their weight, and the space required 
to set them up. Another disadvantage of the system is 
its lack of flexibility. 
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Simulated Tests. Simulated load tests provide for 
switching between forward and reverse characteristics. 
The switching can be achieved by using electron tubes 
or by mechanical means (such as contacts driven by 
a synchronous motor). Figure 15 shows a simplified 
version of a simulated load-test circuit. The transformer 
secondary consists of a low-voltage, high-current section 
in series with a high-voltage, low-current section. In the 
reverse direction, the full transformer secondary voltage 
is applied across the specimen and the blocking diode. 
The current-limiting resistor prevents damage to the 
transformer if the test specimen fails. In the forward 
direction, the timed contact closes to connect the low- 
voltage section of the transformer to the test specimen 
through the load resistor. The contact timing must be 
adjusted by using an oscilloscope to achieve as little 
overlap between the two halves of the cycle as possible. 

To obtain a valid load circuit, it is essential to have 
a low enough impedance in the reverse circuit to provide 
full voltage across the specimen for the entire blocking 
cycle. The circuit in Fig. 15 also has the disadvantage 
that switching from forward to reverse is hidden by the 
switching of the mechanical contact and does not repre- 
sent the actual behavior of the specimen. Reverse re- 
covery time, reverse recovery ringing, failure due to re- 
verse recovery transient and reverse failure due to in- 
stantaneous localized overheating by forward currents 
can be entirely lost. It is important to eliminate all 
switching transients due to the mechanical contact since 
they can be destructive to the specimen and give a false 
impression of failure due to the load. 

It is recommended that the performance of a test 
specimen in a simulated test be monitored with an oscillo- 
scope. This eliminates mistaken failures due to test cir- 
cuits and reveals failures which might otherwise be 
hidden by high impedance in the power circuit. A great 
merit of the real load test is that failure is immediately 
detected by a complete shutdown. 

Errors in Determination of Characteristics. A re- 
sponsible rectifier manufacturer must find the limits of 
his product and narrow the spread of properties which 
are introduced by variations in production. Therefore, 
he must seek to perfect his test methods while being care- 
ful to prevent damage to the product by strains during 
test. The user of semiconductor rectifiers must determine 
whether or not the devices he has purchased meet his 
requirements. He has little incentive to establish a corre- 
lation between observed phenomena and the physics of 
the device. The possibility of damaging the device by 
testing it is not always apparent. Both parties must there- 
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Fig. 14—Load test using a motor-generator set. 
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Fig. 15—Simulated load test. 


fore conduct tests, and it is to the advantage of both 
to be sure that the test equipment they use is properly 
designed, is in good condition, and is properly applied. 
Poorly designed test equipment can easily damage semi- 
conductor devices in ways which are not easily detected. 

It is generally unwise to use test equipment with an 
unknown circuit configuration. In all probability, the 
designer of the equipment cannot foresee all possible 
oscillations, transients and over-voltages which may oc- 
cur. Similarly, so-called “universal” test equipment is 
not practical because it cannot have the correct internal 
impedance and the proper absence of transients to cover 
every situation. Test equipment of unknown origin or 
containing unknown circuits should be investigated with 
an oscilloscope connected across a specimen cell. 

Test equipment which uses the same instrumentation 
for obtaining both forward and reverse characteristics, 
without changing scales, is entirely useless. This is par- 
ticularly true of oscilloscopes which show the double 
characteristic. Oo00 
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DERATING 





Its Meaning 


and Limitations 


The ultimate purpose of the derating of components is to meet some 


equipment design requirement by using components that are readily 


available without resorting to expensive special units. Safe, practical de- 


rating, however, is not a simple, matter-of-fact procedure; special tests 


and careful evaluation are necessary to make certain that reliability is not 


being sacrificed. Current practices are reviewed in the light of resistor 


problems and suggestions are offered for obtaining more realistic and use- 


ful results. 


J. R. ISKEN, Manager 
High-Reliability Resistor Project 
INTERNATIONAL RESISTANCE COMPANY 
Philadelphia, Pa. 


As IT IS USED TODAY, the term “derating” may have 
any one of three general meanings: 


(1) The under-rating of power in applications where the 
ambient temperatures are above those specified for full load. 

(2) The under-rating of temperature to permit power 
loads in excess of the rated values. 

(3) The under-rating of both ambient temperature and 
power in an attempt either to obtain smaller changes in para- 
meter values over the life cycle. or to reduce failure rates. 


Problems involved in derating are not restricted to 
any particular type of component. While the terms used 
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in this article apply only to resistors, the problems de- 
scribed are general. 

Derating of Power. Some general observations may 
be made in discussing derating of power in resistor ap- 
plications. First, derating practices vary between re- 
sistor manufacturers and also between different sizes of re- 
sistors made by the same manufacturer. Second, many 
derating concepts are frequently confounded because only 
end-points are considered. Finally, end points are not 
properly defined either in military specifications or in 
company standard practices. Very little data are ever 
demanded or supplied regarding intermediate points on 
the derating curve, so that it is necessary to accept or 
assume a straight-line curve, which may not be entirely 
accurate. 

Specific practices on the derating of a resistor are 
illustrated in the applicable MIL specification and/or 
catalog material for that resistor. When the 1000-hr 
load-life requirement is based on the maximum AR (per- 
formance degradation) during the life test, that same 
definition applies to every point along the derating curve. 
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In fact, empirical derating curves are determined by 
finding the wattage loading at various ambient tempera- 
tures which produces the AR required by the specification 
for the 1000-hr requirement at rated stress. 

It is essential to note that inherent in any derating 
curve is the associated reliability or failure-rate level. A 
conservative manufacturer, for example, may derate to 
150 deg C because the quality at this end point equals 
that at the lower ambient temperature of the load-life 
test. A less conservative manufacturer, anxious to have 
his product acceptable for 170 deg, may do so simply 
by making a small sacrifice in reliability or failure rate, 
on the assumption that this corner-cutting is rarely 
checked in practice. 

A conventional derating curve is shown in Fig. 1. 
Several possible interpretations can be made of a straight- 
line curve such as this. It can be assumed, for instance, 
that the average change in parameter value at point A 
is the same as that at points B, C and D. Similarly, it 
can be assumed that the distributions of values around 
the averages at each of these points are equal. These 
appear to be useful interpretations, but they make no 
provision for including random excessive excursions. 

The curve in Fig. 1 may also be interpreted to mean 
that the failure rate at each point is the same. This 
interpretation becomes valid when one is concerned with 
reliability, but it has the limitation that a line which 
indicates uniform failure rate is uniquely related to a 
definition of failure. 


Per cent of rated load 


Ambient temperature 


ig. 1 — Conventional derating curve. 


> 
Fig. 2— Derating curves from three different manufacturers 
based on maximum deviation from nominal of 20 per cent dur- 
ing 2000 hr of life for at least 90 per cent confidence. [Taken 
from Cited Reference (1).] 
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Any examination of specific test data on a group of 
competitive products will demonstrate the differences in 
viewpoint among manufacturers. It also will point up 
the questionable nature of the straight-line derating 
curve which is generally used. Such an investigation was 
made by Battelle Memorial Institute and has been re- 
ported in these pages. (])* Figure 2 is an example of 
the kind of derating curves obtained from three manu- 
facturers in this study. 


Derating of Temperature. There is very little data 
obtainable for use in derating resistors so that power 
can be increased at lowered temperatures. Standards of 
success suffer the same lack of uniform definition as do 
those for derating load. The amount that a resistor may 
be over-rated at a reduced temperature may be determined 
by standards of resistance change. Or it may be deter- 
mined by the failure rate. A number of variations and 
combinations of these factors can lead to an over-rating 
which is entirely dependent upon the criteria used in 
making original ratings and the amount of risk assumed. 
Any temperature derating based on linear concepts fails 
—including the theory that maximum load can be applied 
at any temperature up to the specified maximum, and 
the theory that the derating curve for power at high 
temperatures can be extended linearly into the lower 
temperatures. 


*Italic numerals in parentheses refer to Cited References at end of article. 
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If the temperature derating problem were solely one 
of defining the steady-state power dissipation capability, 
it would be materially simplified. Unfortunately, a power 
rating implies a number of other considerations, all of 
which make substantial contributions to successful (or 
unsuccessful) performance. For example, up-rating power 
at lower temperatures while maintaining a hot-spot tem- 
perature limit also results in a more rapid rate of tem- 
perature rise. Attaining a hot spot of 175 C in a 125-deg 
ambient is a less rigorous thermal shock requirement 
than attaining the same hot spot in a 25-deg ambient. 
While a resistor may survive the 175-deg hot spot under 
steady-state conditions, it may fail the thermal shock 
associated with the rapid change from 25 to 175 deg. 

Derating of Temperature and Power. The prac- 
tice of reducing stress levels to achieve reductions in 
failure rates has recently gained importance as a result 
of increased emphasis on reliability. Information neces- 
sary to make such reductions ideally should take the 
form of a series of curves, each representing a ratio of 
applied load to rated load, on a plot of failure rate vs 
temperature. A number of such curves has been published 
recently, the most widely used being “Reliability Stress 
Analysis for Electronic Equipment” (PB-131678), avail- 
able from U. S. Department of Commerce, Office of Tech- 
nical Services. The curves presented in this document 
represent limited data at a number of points and the lines 
are sometimes drawn from estimated values. 

To document such failure-rate presentations adequately, 
particularly where the failure rates are less than 0.1 per 
cent per 1000 hr, would require a massive testing effort 
at considerable cost. Any activity capable of being 
measured in terms of cost must also be measured in terms 
of value. An assignment of a dollar value to information 
of this type is an essential first step. This permits the 
development of a program whose cost is compatible with 
its value. 

Under these conditions, there will be as wide a range 
of programs as there are ranges of dollar values assigned. 
The essential difference lies in the levels of risk asso- 


ciated with the conclusions. But note that there may be 
no difference in the validity of high-risk and low-risk 
conclusions. The difference lies only in the risk. Evalua- 
tion of risk in terms of cost must therefore be factored 
into the conclusion. 

Temperature Stresses. To come to any meaningful 
conclusions about failure rates, it is necessary to under- 
stand some of the most important failure-inducing 
stresses. We will discuss three of these: temperature, 
voltage between adjacent current-carrying paths, and 
voltage gradient along the current path. 

Figure 3 shows hypothetical profiles of temperature 
along a mounted resistor with axial leads. In the upper 
profile, the resistor is mounted in still air. In the lower 
profile, forced-air cooling is used. The top line in the 
figure represents the hot-spot temperature. The profiles 
demonstrate what one would intuitively expect; that is, 
that the resistor that is cooled generally operates at 
lower temperatures for the same levels of power dissipa- 
tion. 

In Fig. 4, the resistor is operated in an ambient below 
that specified for full power, but with more than full- 
rated power applied to it. The temperature selected is 
such that the center of the resistor reaches a hot-spot 
temperature comparable to full-rated operation. It would 
also be possible to operate the resistor in an ambient 
equal to the hot-spot temperature with no load applied. 
In this case, the profile would occur coincident with the 
top line in the figure. 

The above illustrations show how similar advanced- 
temperature situations can be developed through dci‘tfer- 
ent combinations of operating conditions. Advanced tem- 
peratures can reduce the useful life of resistors. The 
deleterious nature of temperature is due to its effect on 
the rates of change of various materials in the resistor. 
An examination of these problems leads directly to the 
area of kinetics of chemical reactions. In considering 
the effect of advanced temperatures on the life of capa- 
citors, the following expression is frequently used: 





Hot spot 





Rated 
© ambient 
2 With moving air 
o 
Qe 
a 
E 
Qa 
= 
Mounting 
and heat Resistor 
sink 


Position along resistor 


Fig. 3—-Temperature profiles of two resistors operating on 
normal power, one in still air and one in forced ventilation. 
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Fig. 4— Temperature profile of resistor operating with over- 
rated power in an ambient below rated. 
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Lo. = L,2tt?; - 79/191 

where L, is time to failure at temperature 7, (deg C) 
and L. is time to failure at 7.. In polymers of the types 
frequently used in resistors, if the logarithm of the rate 
of depolymerization is plotted against the reciprocal of 
temperature, the curve is nearly linear, with a negative 
slope. (2) This curve is equivalent to the Arrhenius 
equation: 


d(ln k)/dT = E,/RT? 


rate of depolymerization 
temperature (deg K) 
— gas constant 
’, == Arrhenius activation energy 


The Arrhenius activation energy for most materials in 
resistors is between 10 and 30 kilocalories per mole. 
(3) Solving the equation for a 10-deg change in tem- 
perature in the vicinity of 150 deg C indicates that such 
a change can affect the rate of depolymerization and 
perhaps the useful life of a resistor by a factor of 1.3 
to 2.3. 

Voltage between Paths. Voltage stress between 
adjacent current-carrying paths is present to some degree 
in every resistor. Its effect is most pronounced, however, 
in helixed-film and wire-wound types, where discrete 
current-carrying paths are easily identifiable. Figure 5 
shows a typical stress situation in a film resistor. The 
voltage stress across the gap between turns is a linear 
function of the applied potential. The limiting strength 
of the resistor under certain conditions may be the stress 
level across the gap. In this case, there is a definite upper 
limit to the potential which may be applied, even though 
such a potential generates a power dissipation consider- 
ably short of that associated with the rated hot-spot 
temperature. 

The mechanism of the failure due to voltage stresses 
is probably ionic in nature. When the voltage stress 
exceeds the decomposition potential of the insulating 
material, the failure mechanism is a direct function 
of the product of time and current. Ionic currents then 
cause failure by translocating or changing the conductor 
that forms the resistor. While all resistor manufacturers 
avoid ionic paths in resistor design, there is nevertheless 
some ionic conduction in all insulators. This conduction 
is a function of both the applied voltage and the tempera- 
ture. 

Voltage Gradient along Path. The effect on re- 
sistor performance of variations in voltage per unit of 
length of the current path can be evaluated empirically 
in a number of ways. One way is to mount resistive 
material in a heat sink so that the temperature rise is 
kept below 5 C over a wide range of applied voltages. 
Maintaining the low temperature for a sustained time 
means essentially that the primary degradation with 
time is due to the voltage stress. 

The results of a typical evaluation of this type are 
shown in Fig. 6. It can be seen that increases in voltage 
have little effect on performance until a threshold voltage 
is reached. Above this level, voltages have a dramatic 
effect on performance degradation. 

It is evident that the three causes of failure described 
here are not the only ones that should be investigated if a 
serious effort to determine the effects of derating is to 
be made. They provide an indication, however, of the 
fact that savings to be gained by derating can be oblit- 
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Fig. 6—— Change in resistance vs change in voltage per unit 
length of resistor. 


erated if precautionary investigation and testing are not 
made a part of the initial design in which a derated 
component is to be used. Whether these functions are 
performed by the supplier or the user is a matter to 
be determined by the factors surrounding individual 
cases. It should be remembered that the effects of the 
various failure-causing stresses, individually and in com- 
bination, vary with resistor types (composition, wire- 
wound, etc.), manufacturer, and resistance value. 

In view of the specialized nature of the problem, and 
because no single experimental result can be safely ap- 
plied to all resistors, it is the author’s opinion that 
decisions on derating should be made only by the part 
supplier or as a result of a program closely coordinated 
with the part supplier. It must be recognized that the 
number of permutations and combinations of stresses in- 
volved in any derating problem is so great that it is not 
reasonable to expect any supplier to have conducted tests 
to cover all possibilities. Mutual understanding and co- 
operation 
essential. 


therefore 
000 


between user and _ supplier are 


Cited References 


1. “Realistic Temperature-Power Derating Requirements for Car- 
bon-Composition Resistors,” J. L. Easterday and H. Braner, 
ELEctTRICAL MANUFACTURING, March 1959, p 141. 

2. Copolymerization, Alfrey, Bohrer and Mark, Interscience Pub- 
lishers, Inc., New York, 1952. 

3. “Thermal Life of Enameled Magnet Wire,” ATEE Committee 
Report No. 58-1205, Fall General Meeting, October 1958. 


83 











Electrochemical Ener 


Sources— 


Silver Oxide/Zinc Batteries 


A study of the characteristics and systems design of 


several types of galvanic power sources for missile 


and space-vehicle controls and components operation. 
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THE DEMAND FOR increased performance from batteries 
in missile and space-vehicle applications has generated 
extensive battery development. The two galvanic systems 
most frequently encountered in missile and space-vehicle 
applications are silver oxide/zinc and nickel/cadmium 
cells (discussed in this and a succeeding article). 

Galvanic systems are divided functionally into either 
primary or secondary systems. The secondary system is 
rechargeable and the primary system is essentially non- 
rechargeable. The silver oxide/zinc cell may be designed 
for primary or secondary operation, while the nickel 
cadmium cell is a secondary cell. Batteries, as the prin- 
cipal source of electrical power for current ballistic mis- 
siles and space vehicles, are evaluated in Table I. 

The advantages of batteries outweigh the disadvantages 
when used in ballistic missiles, where the battery is called 
upon to deliver power for periods of the order of minutes. 
However, weight becomes excessive when they are con- 
sidered as a prime power source for space applications, 
especially when power is required for days, months, or 
years. For long-term operation, the battery is used mainly 
as a storage device for some other type of energy con- 
verter. 

Because of the importance of electrochemical systems 
as power supplies in ballistic missiles and space vehicles, 
it is desirable to understand the basic principles of opera- 
tion of this type of system. The change in free energy of 
such a system can be represented by the following equa- 
tion: 


éF = 8H — TéS (1) 


* At the time this article was prepared, Mr. Schult was affiliated with Space 
Technology Laboratories, Inc. 
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where 


é5F —change in free energy (available to do useful work) 

5H = change in energy content or enthalpy (the total 
energy content of the reactants) 

T = absolute temperature 

5S ==change in entropy (a measure of the unavailable 
work—may be expressed as the molecular energy 
of randomness) 


From the above it can be seen that electrochemical 
systems are not Carnot-cycle limited, and much higher 
efficiencies are therefore obtainable. The available energy 
of an electrochemical system is equal to the heat of reac- 
tion minus the entropy. Efficiencies of the order of 70 
to 80 per cent are not uncommon with electrochemical 
systems, in comparison with gas turbine efficiencies of 
approximately 40 per cent and reciprocating engine eff- 
ciencies of the order of 25 per cent. 


Table | — Evaluation of Batteries as Electrical 
Power Sources 


Advantages Disadvantages 

Excessive weight for long-term 
operation. Over extended 
periods, batteries must be 
used in conjunction with 
some other power supply 
system (such as a solar con- 
verter ). 


High reliability. 


Capability of delivering high 
watt-hour capacity for short 
periods of time. 


Operation at varying discharge 
rates. 


Relatively short shelf life for 
secondary battery types. 


Operation under adverse en- 
vironmental conditions. 


Long shelf life for reserve bat- 
tery types. Necessity of derating for long 
cyclic life for types used in 
conjunction with solar cells 


or other conversion devices. 


Relatively low cost 


Minimum maintenance re- 
quirements. 
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The free energy change (85F) can also be related to the 
standard oxidation potential (E,) as follows: 


6F = nE.F (2) 
where 


dF — free energy change 
n== number of electrons per reacting ion or molecule 
E,,==standard oxidation potential 
F number of coulombs per equivalent, = 96,500 (the 
Faraday ) 


The standard oxidation potential E, is used as a base 
for the comparison of half-cell reactions at 25 C (298 K) 
in which all metals are considered as solids, all gases 
are taken to be at one-atmosphere pressure, and all ions 
are measured at unit activity. 

The oxidation potential described above is affected 
considerably by the effective concentrations of reactants. 
The correction of the electrical potentials due to changes 
in concentrations can be made by means of the relation 


RT . 
nF log. K 


E=K, — 


where 


E = potential under the conditions of the reaction 
E,,==standard oxidation potential 

R= gas constant 

T = absolute temperature in deg K 

F = Faraday constant == 96,500 coulombs 

n == number of electrons involved in the reaction 

K ratio of the concentrations or activity of the products 

to the reactants 


If the potentials are expressed at 25 C, and the formula 
converted to ordinary logarithms, Eq (3) changes to: 


0.0591 
n 


E=E,- log K (A) 
This equation can be used to calculate the electrical po- 
tential of any given electrochemical half-cell reaction. 
If two half cells are then placed together to form a com- 
plete battery system, the voltage developed can be de- 
termined by 


Eee = Eeathode — Enanode ) 


This voltage, E..;;, would be the open-circuit voltage 
developed by the battery. 

Of equal importance to the voltage produced by a cell 
is the amount of current which can be produced by any 
given reaction. In order to have ionic conduction at an 
electrode on a continuing basis, the ions immediately ad- 
jacent to the electrode must be replaced as they are 
removed from the electrode. Conduction would cease if 
this did not occur. Ions are replaced at the electrode by 
ionic migration, diffusion, and by agitation of the elec- 
trolyte either mechanically or by convection. The limiting 
current density can be expressed as follows: 

DnFa; 


1c” Tis 


JUNE 1961 


where 


/,,== limiting current density 

D; = diffusion coefficient of the ion 

n== number of electrons per reacting ion 

F = Faraday constant 

a; == bulk activity or concentration of the ions 

t; == the transport number (ratio of positive to negative 
ions) 

x==thickness of the diffusion layer adjacent to the 
electrode in which the concentration gradient of 
electrolyte occurs 


A curve showing the result of this occurrence is given 
in Fig. 1. The current is limited by the maximum rate 
of diffusion corresponding to the optimum concentration 
gradient around the electrode. 


Silver Oxide/Zinc Cells 


The chemical reactions which appear to take place at 
the anode and the cathode raise considerable controversy 
among battery manufacturers as well as other sources as 
to the exact electrochemical reaction occurring in this 
type of battery. The following reactions are presented as 
the ones which occur on discharge. 


Cathode reaction: 


Ag.O. + 2H.0 + 4e -—— 40OH- + 2Ag 


{node reaction: 


Zn + 20H — Zn(Oll). + 2e (8) 


The cathode and anode react to produce the following: 


Ag.O: + 2H,0 + 2Zn > 2Ag + 27n(0H), (9) 
This overall reaction will produce 4 Faradays of elec- 
tricity. The Faraday is defined as the amount of elec- 
tricity required to liberate one gram-equivalent of a metal 
from its ions and is equal to approximately 96,500 
coulombs per gram-equivalent. If the above reaction 
proceeds to completion, 4 Faradays of electricity will be 
produced per gram atomic weight of silver peroxide. 
A typical charge and discharge curve of voltage vs time 
appears in Fig. 2. The initial portion of the discharge 
curve, which occurs at a higher level than the remainder 
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Fig. 2—Typical discharge and charge voltage curve of a silver 
oxide/zinc battery. 


of the discharge, is known as the peroxide portion of 
the curve. At this time, the Ag.O,. is reduced to the 
Ag.O, as indicated. The width of the peroxide plateau is 
reduced as the discharge rate increases and for high 
rates is only a spike on the curve, lasting less than a 
minute. If the battery is activated under sufficient load, 
the spike does not occur due to the fact that, as the 
battery voltage is building up, the peroxide is being dis- 
sipated. During the remaining portion of the discharge, 
Ag.O is further reduced to Ag. A similar situation exists 
during charge of the battery. The Ag is first oxidized to 
Ag.O during the first plateau of the curve and is further 
oxidized to Ag.O. during the second flat portion of the 


Table il — Advantages of Primary Silver 
Oxide/Zinc Cells 





Manually activated type | Remotely activated type 


Very high specific energy (watt- 
hours per pound) compared to 
other types, particularly at low | 
rates. (Approx. 80 watt-hr/Ib is | Dry charged, unactivated 
achievable for very low rates and | ___ storage life is very long 
about 50 watt-hr/lb for high | (from 3 to 5 years). 
rates. ) 
The battery can be acti- 
vated in any position. 


Activation is rapid (less 
than 2 sec). 





Long unactivated shelf life. (Can be 
stored in the dry condition for 
many years without appreciable 
loss in capacity.) 


If the battery is gas-pres- 
sure activated, gas pres- 
sure can be checked to 
determine if satisfactory 
activation will occur. 


Reliable performance. 


Ruggedness. 

Either electrical or me- 
chanical remote activa- 
tion can be used. 


Some types can be recharged up to 
about 5 cycles, with very little 
gassing during charge, stand, and | 
discharge. (The cell will produce | The 
gas if it is overcharged. ) 


system is readily 
adaptable to high-rate, 
high-capacity battery 
Long activated stand life. After two systems. 
months of a wet charge stand, it 
will deliver from 90 to 95 per cent 
of its original capacity. (See Fig. 
3.) Manual filling of electro- 
lyte or careful charging 
is not necessary. 


Maintenance is minimal. 





Has a very flat voltage discharge 
curve for a given rate of dis- 
charge, except for the peroxide 
portion of the curve. 





86 


After 30-min soak period 


Voltage 


After 2-month soak period 





0 6 i2 18 24 30 36 


Fig. 3—Effect of lung stand tine on voltage of typical manually- 
activated silver oxide/zinc battery, five cells. 


curve. The last upward trend of voltage occurring during 
charge represents an overcharge condition during which 
considerable gassing occurs: i.e., hydrogen and oxygen 
gases are formed. Electrolysis of the water in the elec- 
trolyte occurs at this point. The problem of gassing is 
accentuated at higher altitudes as well as with increased 
current density. 


Primary Silver Oxide/Zinc Cells 


Manually Activated. A manually activated battery is 
one in which-an accurately measured amount of elec- 
troylte is introduced into the cell by hand from a specially 
designed filling bottle. This type of silver oxide/zinc 


Table Ill — Performance Characteristics, Manually 
Activated Primary Silver Oxide/Zinc System 


| 





Characteristic Performance 





50 to 80 watt-hr/Ib (depending on rate of 
discharge) 


Specific energy 


Open-circuit voltage | 1.86 volts/cell 


1.50 volts (depending on rate of 
discharge) 


Nominal voltage 
under load 


Plateau voltage 
regulation 


+2 per cent at a fixed load and temper- 
ature limits +10 F 

Cycle life Up to 5 cycles 

Activated stand life | 2 months at 70 F 

Dry storage life Up to 3 years 


Charge retention 90 to 95 per cent at 2 months activated 


stand 
Gassing | Slight on discharge or stand. (Also slight 
| gassing on charge unless overcharged.) 
Temperature Operational: +165 F to 0 F or down to 


—65 F with heaters 
Storage—dry: +125 F to —65 F 
act.: +100 F to —40F 


About 0.00028 ohm per cell (depending 
on model and discharge current) 


Internal resistance 


Recommended 
charge voltage 1.97—2.00 volts 

| Can be fully charged in 10 hr (depending 

on type of cell and charging method) 


Charging time 
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battery is usually supplied by the manufacturer in the 
dry charged condition—that is, as soon as the electrolyte 
is added, the battery is ready for service. However, the 
cells can be obtained in either the dry or wet condition, 
either charged or uncharged, as required for the particu- 
lar application. The advantages of this type of battery 
are summarized in Table II. 

The cell cases are constructed of styrene copolymer, 
nylon, or other durable plastics resistant to chemical 
attack. The battery case is usually constructed of stain- 
less steel or magnesium. Terminals are composed of non- 
magnetic brass or silver-plated steel to reduce corrosion 
and contact resistance. 

Higher temperatures increase the chemical activity of 
a cell. Thus, improved performance is normally obtained 
as temperatures increase, up to the point at which de- 
terioration of the separator or case material occurs. 
Conversely, lower temperatures decrease the chemical 
activity, resulting in decreased electrical output. Tempera- 
ture also affects the terminal voltage of the cell, since it 
is proportional to the logarithm of the ratio of the 
activities of the products to the reactants. The best operat- 
ing temperature of a battery is normally around room 
temperature at the start of discharge, which allows for 
some increase in temperature during discharge without 
damaging the materials. 

For low-temperature operation, where close voltage 
regulation and high performance are necessary, thermo- 
statically controlled electrical heaters or chemical heaters 
are required. The silver oxide/zinc battery will give im- 
proved performance at higher temperatures, within the 
limits established in Table III, and must correspondingly 
be derated for low-temperature operation. 

The specific energy in watt-hours per pound vs dis- 
charge rate of a primary manually activated silver oxide/ 
zinc battery is shown in Fig. 4. Also plotted on the same 
graph, for comparison, are curves for the nickel/cadmium 
and lead/acid batteries. The “primary silver ozide/zinc 
curve” indicates that, at very low rates, 80 watt-hr/lb is 
practical and at very high rates the specific energy drops 
to about 20 watt-hr/lb. These specific energy values must 
be derated by about 30 per cent to accommodate mounting 
hardware. Most of the weight data obtainable from bat- 
tery manufacturers include cell weight only. 

Curves of voltage vs ampere-hour output for a typical 
primary silver oxide/zinc cell are plotted in Fig. 5 for 
various discharge rates at room temperature. These 
curves indicate the shape of the peroxide portion of the 
discharge at various high-rate discharges, showing that 
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Fig. 5—Maximum discharge performance of silver oxide/zinc 
primary batteries at room temperature. 
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Fig. 4—Typical specific energy curves at various discharge rates 
for several battery systems. 


the voltage plateau occurs at successively lower levels as 
the discharge current in increased. At very high dis- 
charges the plateau is not flat, due to temperature rise 
within the battery which increases its chemical activity 
and raises the voltage after about a third of capacity has 
been discharged. 

Figure 6 shows the effect of temperature on the charge- 
retention capabilities of silver oxide/zinc cells when 
stored in the dry charged condition. Charge retention is 
very good at room temperature, but deteriorates rapidly 
at the higher temperatures, being only about 50 per cent 
for 165 F after 2 months of storage. This is apparently 
due to a drop in the oxidation level of the active plate 
material. 

Manually activated primary batteries are particularly 
suited to research and development programs, where high 
specific energies and relatively long stand-time capabili- 
ties are required. 

Remotely Activated Silver Oxide/Zine Cells. Many 


salient features of remotely activated batteries are similar 


Capacity retention, per cent 


Storage time, months 


Fig. 6—Capacity retention vs time at various temperatures for 
dry storage of primary silver oxide/zine cells. 
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to those of the primary manually activated systems al- 
ready discussed. Plate construction, in particular, would 
be almost the same if similar discharge characteristics 
were required. The cell design of a remotely activated 
type would be less conservative than that of a primary 
manually activated type since no recharge capability is 
required and the wet stand-time requirement is reduced. 
The separator materials would be made of a more 
porous material to facilitate rapid activation, one of the 
desirable features of this battery. The plate shapes, cell 
structure, case and electrolyte manifold should be de- 
signed to obtain very fast introduction of electrolyte and 
to minimize any hydraulic or air entrapment problems. 
A schematic sketch of a remotely activated silver oxide/ 
zinc battery system is shown in Fig. 7. 

Gas pressure within the sealed cylinder can be checked 
by means of a pressure switch located within the chamber. 
The switch is closed if the pressure is adequate for satis- 
factory activation. 

A common manifold system meters out an appropriate 
quantity of electrolyte solution to each cell of the battery. 
Larger units, requiring long activated stand-time capa- 
bility, may have manifolding so designed that there will 
be no intercell leakage during stand time, regardless of 
the position of the battery. 

Rapid activation has been achieved with these systems, 
with activation times ranging from 0.2 sec for small 
primaries and less than 2 sec for the larger types. Since 
very thin, porous separator materials are required to 
obtain fast activation, wet stand life of the battery is 


also reduced—i.e., separator breakdown occurs earlier. 


Pressure switch 
(to determine 
pressure from 
a remote point) 





| cos line ‘ 


Gas pressure tank 
(storage of gos until 


h n 
Trigger housing required for activation) 


(connecting gos tank to 


' ) 

electrolyte cylinder) Sane-eliel Gaeene 
(opens on activation, 
releasing eiectrolyte 
to we 


Gos-tank seal «Gas line 


Electrolyte cylinder 


Spring-loaded 
plunger 


Inflatable bladder f 
(Shown in collapsed position; 
upon activation, gas expands 
bladder. ) 





Return manifold Vents 






Ann 


Cell 


Manifold (distributes 
electrolyte to cells) 
Fig. 7—Schematic diagram of an automatic activation system. 
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For very short activation times, the wet stand life may 
be only a few minutes, but if several minutes can be 
tolerated for activation, the wet stand life will be 8 to 
14 hr. 

In all the missile systems for which this type of battery 
is used or being considered, the activation mechanism 
is a part of the battery packages. The activation device 
could be placed outside the missile shell as a part of the 
ground support equipment at a weight saving of about 
15 per cent and a volume saving of about 30 per cent. 
Current designs do not consider this, because difficulties 
would be encountered with the required long electrolyte- 
resistant tubing. 

Figure 8 shows obtainable watt-hour per pound per- 
formance of remotely activated primary silver oxide/ 
zinc batteries plotted against discharge rate. The specific 
energy varies from about 18 watt-hr/lb to about 32 watt- 
hr/lb, depending on the discharge rate. The weight of the 
activation mechanism is included. 


Secondary Manually Activated 
Silver Oxide/Zinc Cell 


This cell, which is of the rechargeable type, was most 
widely used at the inception of the ballistic missile pro- 
gram. The details of its construction are quite similar to 
those previously described except that a longer life ex- 
pectancy is obtained by the use of lower current densities 
and heavier, thicker separator materials. 

Discharge curves are almost the same shape as those 
shown in Fig. 5. For low-temperature operation, the 
nomogram of Fig. 9 gives the approximate amount of 
derating required and also gives the capacity and cell 
plateau voltage expected at various discharge rates. 

Watt-hour per pound performance is significantly less 
than in primary types, due to a more conservative design. 
The specific energy for secondary silver oxide/zinc bat- 
teries ranges from about 20 up to about 48 watt-hr/|b, 
depending on the size of the battery, the temperature and 
the discharge rate. Figure 10 is a nomogram which com- 
pares the performance of secondary silver oxide/zinc 
cells with nickel/cadmium and silver/cadmium cells at 
various temperatures and discharge rates. These per- 
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Fig. 8—Specific energy of remotely activated primary silver 
oxide/zine batteries. 
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Fig. 9—Effect of temperature and discharge rate on performance of secondary silver oxide/zinc batteries. 


formance figures should be reduced by 35 to 70 per cent 
(depending on size) to provide for mounting hardware. 
The smaller units have a higher percentage of weight 
in the mounting devices, cases, terminals, etc. 

The cell is activated in a manner similar to that of the 
manually activated primary cell, with the electrolyte sup- 
plied by the battery manufacturer in filler bottles con- 
taining the exact amount of solution required for each 
cell. 

Electrolyte level should never be permitted to exceed 
the height of the plates except during the initial filling 
of the battery, when the electrolyte has not yet been ab- 
sorbed by the separator material. The filling bottle will 
normally contain sufficient electrolyte for the life of the 
battery. The electrolyte level will reach approximately 
one-half the plate height when fully charged. Electrolyte 
leakage can occur in vented cells if the battery is not 
stored or used in the upright position. 

The life expectancy of secondary silver oxide/zinc bat- 
teries for high-rate applications is approximately 10 to 
20 charge-discharge cycles or a period averaging six 
months of activated life, whichever comes first. For low- 
rate batteries, the life would be about 60 to 100 charge- 
discharge cycles, or a period averaging nine to twelve 
months of activated life, whichever comes first. This cell 
also exhibits the peroxide portion of the discharge curve 
discussed previously. Storage temperatures range from 


55 to 100 F. The battery can be operated from 0 to 
160 F, but with a reduced capacity at the lower tempera- 
ture. 

The secondary silver oxide/zinc battery is somewhat 
susceptible to hydrogen explosion hazard, common to 
conventional batteries when used in closed, unventilated 
areas. Sufficient hydrogen to cause an explosion can be 
generated in a silver oxide/zinc battery if it becomes 
defective or is greatly overcharged. 

Charging can be accomplished automatically (by com- 
mercially available battery-charging equipment) by one 
of the following methods: 


a. constant current 
b. modified constant potential 
c. constant potential. 


With the constant-current method, the charging current 
is maintained at a constant value throughout the charging 
period until the cell voltage reaches a value of 2.0 to 
2.05 volts, at which time the charger automatically shuts 
itself off. The charger should not be set to cut off above 
2.05 volts, since overcharge will damage a silver oxide/ 
zinc battery. The constant-potential charging method 
maintains the charging voltage at a constant value 
throughout the charging period and is sometimes called 
tapered charging, since its initial charging rate (amperes) 
is higher than that used with the constant-current method 
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Fig. 10—Comparison of specific energy of secondary silver oxide/zinc, silver/cadmium, and nickel/cadmium systems. 


and tapers off to zero (or nearly zero) at the fully charged 
condition. No current adjustment is required in this 
method, and no voltage cutoff is necessary, because there 
is no danger of overcharging the battery. The main dis- 
advantage of this method is that the charging period is 
longer. The modified constant-potential method uses an 
increasing charging voltage as charging progresses until 
the cell is charged. Figure 11 shows the voltage and cur- 
rent characteristics of a silver oxide/zinc secondary bat- 
tery when charged by the constant-current and the con- 
stant-potential methods. 

Careful charging procedures are required for this bat- 
tery to ensure proper chemical reaction and to prevent 
damage to the cells from excessive temperatures, gassing, 
etc. 

Although the secondary silver oxide/zinc battery is 

























30 300 
a) P Voltage ae, 
# > 
s 6 § 
-20 - ++} 
$ c | 
oO Se 
9 4 
= 1§ $ 
4 o Constant 
sa ao current 
c 
. 10 = charge 
= So 
o a 
@ 50 
0 )| 
0 2 2 4 5 6 7 8 9 10 
Charging time , hr 
Fig. 11—Charging characteristics of a silver oxide/zinc sec- 


ondary battery. 


90 


definitely not the ultimate energy source as far as output 
per unit weight is concerned, it has reached a very high 
state of reliability. Few failures have been reported in 
recent years when proper handling and maintenance 
techniques were used. This battery has been very widely 
used in missiles as the primary source of electrical power, 
but is in the process of being replaced by the remotely 
activated primary types because of the factors of ease of 
handling and long shelf life. The secondary silver oxide/ 
zinc battery probably will be used for many years in re- 
search and development programs where the above fac- 
tors are not too important or where more than just a few 
cycles of life are required. 

Another use to which this battery system may be 
adapted is in the space-vehicle power supply, which re- 
quires long cyclic life. This application requires that 
the battery be sealed to eliminate the loss of electrolyte. 
Research effort is being directed to this problem and 
sealed prototype batteries are undergoing tests. Data 
available to date on the performance of this new develop- 
ment indicate that a cyclic life of approximately 150 
cycles has been achieved in some instances. OOO 
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Epitor’s Note: A major block to ready adoption and 
grasp of advanced concepts and mathematical tech- 
niques has been the prevalent use of physical and 
geometrical word-pictures to represent ideas for which 
they are applicable only approximately, if at all. This 
has been practised so persistently that a principle such 
as “coordinate reference system” is projected only 
with great difficulty beyond the three-rectilinear-axis 
system which inevitably springs to mind because of 
the literal-picture habit. Actually, there is nothing 
inherently more “natural” about either three axes or 
straight axes than about 4 or “n” dimensions, or cur- 
vilinear references, except for the “picture.” Ap- 
proached in a mathematical frame of mind, with the 
demand for the physical-literal picture suspended, 
there is no obstacle to proceeding beyond the pictur- 
able. 

The picture habit must be cured in order to achieve 
any measure of real analytical power, as must the un- 
conscious habit of thinking that all analytical struc- 
tures rest on provable foundations! Reflection will 
quickly reveal that rock-bottom principles are often 
premises for which the tests are usefulness and validity 
of ultimate implications. One need only mention the 
name of Euclid in this connection. The algebra in- 
structor encounters a stone wall when asked to justify 
or to “give a picture” for (—2) * (—2) — +4; the 
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only legitimate reason for this relationship is that, as 
a premise, it is a useful definition. To object to it 
unless a picture can be given is to block progress 
beyond it. 

The reader will find that the reasoning and premises 
involved in developing vector analysis are ideal as an 
exercise in adopting and appreciating a true mathe- 
matical frame of mind, and for discouraging the need 
for relating concepts to the obvious physical world. 
As links and ports of entry to some of the complexities 
of the real physical world, however, vector and the 
more general tensor analysis are among the foremost 
of the various domains of mathematics. 

The authors of the present article on “Vector Ana- 
lysis,” and of the “Tensor Analysis” article which will 
follow in a later issue of ELectTRO-TECHNOLOGY, are 
colleagues in the Department of Physics at De Paul 
University. Dr. Hupert is known to our readers as the 
author of our June 1960 article, “Network Analogs 
for Mechanical Systems.” Dr. Mary L. Boas is singu- 
larly well qualified to share in the creation of this 
article. She holds an M. Sc. degree in mathematics 
(University of Washington, Seattle) and a Ph. D. in 
physics (M. I. T.), has lectured in mathematics and 
mathematical physics at several universities, and has 
published in The American Journal of Physics and 
elsewhere. — A.E.R. 
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USUALLY we express vectors in terms of scalar compo- 
nents and unit vectors. Unit vectors are vectors of magni- 
tude unity in our chosen scale and in directions appropri- 
ate for our chosen coordinate system. Thus, vector A 
may be written in rectangular coordinates: 


A =1A, + jA, + kA, (1) 
or in cylindrical coordinates: 

A =e A, +eAy, + @,A; (2) 
or in spherical coordinates: 

A = eA, + e,Ay + epAe (3) 


where the vectors e; represent suitably defined unit vec- 
tors. Since a vector represents an ordered assembly of 
numbers, three in three-dimensional space, we can also 
express it in matrix form as a row matrix: 

[A] = [A, Az A;] 


or a column matrix: 


Any discussion should state whether the components 
A,, A», A, are rectangular, spherical or cylindrical. Al- 
though in engineering sciences the most common vector 
operations are concerned with “3-vectors,” in physics and 
mathematics we may generalize to “n-vector” spaces by 
similar rules. 

The most important property of rectangular coordinates 
is that unit vectors i, j, k are not functions of position. 
We notice that this is not true of e,, eg in cylindrical 
coordinates, nor of €,, €g, €, in spherical coordinates. 

Position in space is determined by the position vector 
defined in rectangular coordinates as 


r=ir+jy+k: (4) 


The magnitude of r is 


| ” 


lr] =V2e4+y¥4+2 (5) 
where |r| is the distance from the origin to the point whose 
position we wish to determine. The direction of r is 
determined by the line from the origin to the point in 
question. 

In physics and engineering we frequently speak of scalar 
or vector fields. Usually, and more correctly, vector or 
scalar field means vector or scalar function of position. 
In this case, we may consider the position vector as an 
independent variable, the function being a scalar in the 
case of a scalar field or a vector, designated by three 
scalars, in the case of a vector field. Colloquially, the term 
“field” is frequently used to describe a region of space 
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where a certain function—scalar or vector—is of interest 
to us. For example, we may talk of the behavior of a 
charged particle “in an electric field.” 

We have scalar fields where scalar = function of (r), and 
vector fields where vector = function of (r). For example, 
electrical charge density and potential are scalar fields 
[p(r), U(r)], while electric field E(r), magnetic field = 
H(r), displacement field = D(r), magnetic flux density 
= B(r), and electric current density = J(r) are typical 
vector fields. Notice that magnetic flux and electric current 
are scalar values, but not fields, since they are arrived at 
by operations over certain surfaces in vector fields. 

Vectors are customarily added either by the parallelo- 
gram law (head to tail) or by addition of components. A 
scalar product of two vectors A and B is defined as: 


~ 
A-B= ) A,B; = A,B, + A,B, + A,B, 
Lan! 
i r,y¥,z 
and yields a scalar. We may also use a notation where 
axes x, y, z are designated x,, x., x,, and 


tem 
a-B-) 1;B; 


} 
ae 


tl 


The symbols A; and B; are scalars denoting components 
of A and B along axis x;. 

A vector product of two vectors A and B is defined as 
a vector C such that, in rectangular coordinates, assuming 
right-handed coordinate system, 


ga 
C=AXB=| A, A, A, (6) 

| } 

| B. B, B, 


or 
C =1(A,B, — A.B,) + j(A.B. — A-B, + k(A.B, — AyBz) (7) 


We recall that both rules of “multiplication” have their 
geometrical interpretations: 


The scalar (A * B) is a number obtained by multiplying the 
scalar values |A|, |B) and cos y,,, where y,, represents the 
angle between A and B. The vector C =: A x B has magni- 
tude |C| = |A| |B) sin g,, and has a direction perpendicular 
to both A and B. The orientation of C may be established by 
rotating A into B in the common plane and considering this 
rotation to be rotation of a right-hand screw. The direction 
of advance of the screw defines the direction of C. The magni- 
tude of C represents the area of the parallelogram with sides 
A and B, Fig. 1. Multiplication of the vector A by a scalar c 
yields a vector cA = icA, + jcA, + kcA,,. 
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The division of a vector by a scalar can be interpreted 
as multiplication by the inverse of the scalar. 
There are many ways of combining the scalar and vector 


product operations. The result can always be derived 
from the rules just outlined. Alternatively, formulas called 


“vector identities” may be used when the exercise in vector 


operations is 


of parentheses is important since it defines the sequence 
of operations. 


not the principal objective. The proper use 


For example: 


Fig. 1—Vector product in right-handed rectangular coordinate 
system. The magnitude of the product C = A X B is the 
shaded area (parallelogram), and its direction is toward the 


CY” 


reader (left diagram), whereas the product C'’ = —C = —(A 


A X< (B x C) + (A XB) xX C 


as may be easily verified. 


Triple Products 


There are two such products, one resulting in a vector 


equal to the volume of a 
the three vectors as sides. 
performing the prescribed operations, that 


and called the triple vector product, and the other resulting 
in a scalar and called accordingly the triple scalar product. 
The triple scalar product results in a positive or negative 
number. The absolute value of this number is always 


Table of Symbols 


@ English Alphabet 


aij = 


terms of matrices; tensor components 


vector symbol, any vector, vector field, magnetic 
vector potential 


= vector component, general subscript; vector field 


component 

minor of the element a;; 

vector A at surface element AS; 
normal component of A, 


= tangential component of A, 


vector symbol, any vector, magnetic flux density 
vector 


= a scalar 


electric displacement vector, displacement field 
elemental area 


= elemental arc length along a chosen curve 


= element of arc length 


ds;, ds», 
ds;, ... 

det J 

e, @, & 


, ds 


e; 
C,, Gy, Cp 


= arc lengths in coordinate directions 


= unit vectors, cylindrical and spherical coordinates 


vector of length ds tangent to a curve 


determinant of matrix [J] Oz, Ay, As 


= unit vector, general 8 


unit vector, coordinate 7 or coordinate x;, general bi; 
[6:5] 


= electric-field vector ¢ 


= a vector 6 


component of the metric tensor 


= scale factors 


= magnetic field vector 


unit vector, rectangular coordinates 


= sequence of coordinate indices in the order of ro- 


tation 
v¥ -—1l 
unit vector, rectangular coordinates 
total electric current density vector 


running subscript, coefficient, spring constant 


= unit vector, rectangular or cylindrical coordinates 


= propagation vector 


= mass, electronic mass 


= matrix M, rotation matrix (brackets may be 
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omitted when there is no possibility of confusion ) 


< B) = B A is away from the reader (right). 


parallelepiped constructed with 
It is easy to prove, by actually 


[4s A, As 


A-(BxXC)=|B. B, B, 
[ares 


y 


= transpose of matrix |M] 

= inverse of matrix [M] 

= normal unit vector 
position vectors, two different systems 
spherical coordinate, cylindrical coordinate 
area of a surface 
tangential unit vector 

= kinetic energy 
potential 

= volume, potential energy 

= velocity of propagation 

= rectangular coordinates 

= rectangular coordinates in a different system 


= coordinates, general 
cylindrical coordinate 


@ Greek Alphabet 


= phase-shift angles 
= phase constant 
= Kronecker delta 
unit matrix 
= dielectric constant (permittivity), MKS system 


= spherical coordinate, angle of rotation of coordi- 
nate axes 


= eigenvalue, magnetic permeability 
electric charge density, space charge 
= conductivity 
= spherical coordinate, cylindrical coordinate 
= angle between vectors 
= phase of the i-th component of a vector 
= a scalar function, scalar field, scalar potential 
scalar field, in general 
= scalar field 
= scalar field, in general 
angular frequency 
variable angular frequency, angular velocity 
= grad & 
= Laplacian of & 









































In triple scalar products, the dot and cross sign of 
multiplication may be interchanged without changing the 
value of the triple product, provided the order of the 
vectors stays unchanged. If the factors are permuted 
cyclically, all the triple scalar products so formed are 
equal. If the cyclic order is reversed, the sign of the result 
is reversed without changing its absolute value. Thus: 


A 
A-(B x C) =(A XB)-C=(BxXC):A, etc. rok 
c B 
ee 
and 


A-(B X C) = — (AX C) -B, etc. 


CY 


The triple scalar product of three vectors is sometimes 
denoted ABC, meaning: 


ABC = A- (B X C) = (A X B)- C = — (AX C) -B, etc. 


Let us now discuss the triple vector product of the 
general form A X (B X C). The following rules concern- 
ing this product are worth remembering: 


1. A & (B X C) lies in the plane of B and C. 
2,.A xX (BX C) = (A+ C) B— (A°-B)C. 


We may remember this formula by the following mnemon- 
ic: Call the vectors in parentheses interior vectors: one ad- 
jacent to the exterior vector and one remote from it. The 
triple vector product is equal to the adjacent vector multi- 
plied by the dot product of the other two minus the 
remote vector multiplied by the dot product of the other 
two. Wherever possible, it is convenient to select coor- 
dinate axes in the direction of at least one of the vectors 
involved in a vector product. 

If e;, e; and e, are the unit vectors of an orthogonal 
system in three dimensions with e,, e, and e, (in that 
order) forming a right-handed triad, they obey the follow- 
ing rules of vector multiplication: 


e-e,=0 fori ¥j 
e;-e;=1 fori=j 
eX e; = & 


ll 


if i, j, kK are any cyclic permutation of 1, 2, 3. 

Various differential and integral operations are possible 
in connection with vector and scalar fields. In general, 
scalar fields are functions of three independent variables 
which are components of the position vector, whereas 
vector fields are sets of three functions of the same three 
independent variables, each function (itself a scalar) 
being a component of the vector. The fourth variable, 
time, may or may not be involved. Thus, we may deal 
with static or time-variable scalar or vector fields. 

Vector formulations in which time is involved as the 
fourth coordinate (four-vectors) are encountered in the 
theory of relativity, but in more ordinary problems we 
shall limit ourselves to the three spatial coordinates and 
admit merely that each component A; of vector A may 
also be a function of time. Thus, A; may be a harmonic 
function of time or, as a result of Fourier analysis, a 
linear combination of harmonic functions of time and 
may, as such, be expressed in phasor (complex) form, for 
example: 


A; = | Ay | exp j(wit + ¢,) (9) 


This is common practice in the study of electrodynamics. 
Any component of a vector is thus a scalar function of 
three coordinates—i.e., of three independent variables. 
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Differential operations therefore involve partial differen- 
tiations. 


Gradient 
The gradient of a scalar field @(r) is defined as the vector 


Q a a 
Wat ttt e te,* (10) 
in rectangular coordinates. 

One physical interpretation of the gradient is that V ® 
is a vector in the direction of steepest increase of the 
function ® and the magnitude of V ® equals d®/ds, which 
is its directional derivative in this direction. 


Vector Integration 


Let us define vector integration in terms of the integra- 
tion of scalar functions. First, in order to determine 
whether an operation yields a scalar or a vector, we must 
remember to consider integration as an infinite summation. 
Thus the integral will be a vector or a scalar depending 
on whether the integrand is a vector or a scalar. For 
example, a volume integral 


Ad\ lim , A,AV, 
‘ homed 
Al ( 


0) 
n— « 


« 


is a vector. Thus: 


faa “if 1.d\ af A,dV 4 Kf Ad\ (11) 
V JV V V 


Scalar functions are integrable over volume. In rectangu- 
lar coordinates, i, j, k do not depend on position; thus they 
may be taken in front of the integral. 

Consider a curved surface §. An element of this surface, 
AS, tends to an element of a plane as AS — 0. We assign 
to each AS a vector mAS, where n is a unit vector normal 
to AS. The sense of m is a matter of convention which 
should be stated. For curved closed surfaces, nm is conven- 
tionally considered to point in the outward direction. 

Divide S$ into a large number of elements, (AS),. Let 
S lie in the vector field A. We define: 


fa -ndS = lim V A, - n,(AS); (12) 
. hr Lond 


aso “5 


This is a scalar. Note that each A, * n,(AS), is a scalar 
defined by the rule of scalar multiplication of two vectors, 
A,, (value of field A at element k) and n(AS); (see Fig. 2). 
At the element k, the vector A; may be represented as 
the vector sum of two vectors: 


Ay = niAikn + teAne 


where the vector tA; is the projection of A on the surface 
(AS);,, where t;, denotes a unit vector. The component of 
A normal to the surface = A, = A nm at any point of 
the surface, while A,;, is the tangential component of A, 
at element k. The unit vector n, is always of unit length, 
but its direction changes with k. When the surface in- 
tegral, Eq (12), is taken over a closed surface S, we use 


the symbol 
ga - ndS 
Ss 


By a similar process, we define 


fe dl =r -tdl = lim ) F, - t(Al) (13) 
Al— 
Cc c 


k— @ k 
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Fig. 2 


/ntegration over a curved surface S. 


where F represents a vector field and t,(AJ;, is a vector 
representation of the k-th small element of the contour C, 
t, being a unit vector tangent to C at the k-th element. 
The result is a sum of dot products and therefore a scalar. 


Divergence and Curl 


We shall now define the concepts of divergence (opera- 
tion on a vector field resulting in a scalar) and curl 
(operation on a vector field resulting in a vector). Both 
divergence and curl are usually defined by differential 
operations which are convenient for mathematical manipu- 
lations, but both of these concepts also have integral 
definitions which are physically more illuminating. 

The definition of divergence of the vector A at a point 
(x, y, Z) is: 


divA=v:A= lim J 
av30 AVa,y,s 2 
closed 
surface 
bounding 
AV 


A-ndS_ (14) 


In words, V + A is the limiting value of the flux emerging 
from AV divided by AV as AV — O. By analogy with 


mass density 
mass in AJ} 
AV 


which we call mass per unit volume, we could call 
v -° A the flux per unit volume. If such definitions are to 
mean anything, they must not depend on the shape of 
AV: i.e. VY * A must have the same numerical value at 


Table |— Physical Interpretations of Divergence 
Theorem 


vV:-A+0in AVat 
x, Y, Z means: 

Source of water 

in AV 

Magnetic charge den- 
sity (hypothetical) in 


Physical domain of | Physical domain 

A®:; of A: 

Total water flow 
from AV 


Water flow 
density 
Magnetic flux 
density B 


Magnetic flux out 
of AV 


Electric flux out 
of AV 


ree electric charge 


AV 
F 
sity, or “displace- | density in AV 


Electric flux den- | 


ment”’ vector D 


SR a - 


| Source of electric cur- 
rent in AV [negative 
time rate of change of 


| p(x, y, z) in AV] 


Electric current 
density J 


Electric current 
out of AV 
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each point whether it is evaluated in rectangular or, for 
example, spherical coordinates. 

The surface integral of vector A over a closed surface 
enclosing a volume determines the flux emerging from the 
volume where A is the flux density. If the volume does 
not generate any flux, the surface integral will be zero 
because vector A is directed toward the volume in some 
regions and away from it in others (note that, for inward 
A, the term A + nAS is negative since n is always directed 
outward). Thus, if 


Ad = A-ndS 
Ss bounding 
AV 


A@ = (vy - A)AV (15) 


or v-A -* (16) 


in the limit. 

For a better grasp of the concept of flux, ®, and flux 
density, A, see Fig. 3, which shows two versions of a 
small volume AV located at x, y, z. In the left diagram, 
there is no contribution to ® from AV (this must be verified 
by numerical integration); in the right diagram, clearly 
we have “sources” of the vector field in AV. 

Table I lists a few typical examples of the physical con- 
cepts which may be assigned to the mathematical symbols 
®, A and V + A as a result of the integral definition of 


n 
A, "5 
Ns Ag 


Fig. 3—Integration of flux density (A) over closed surface (S). 
Left diagram: field A (r) is sampled at five points. At these 
points, n is always outward for a closed surface S, but A may 
be inward or outward if vy * A = 0. Right diagram: field A 
is “sampled” and vector n drawn at five points of surface S. 
If A is always outward, we must have y+ A # 0. 


Fig. 4—A “metal junction” for discussion of Kirchhoff’s first 
law as a special case of Gauss’ law. 
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divergence. By choosing a volume element AxAyAz in 
rectangular coordinates and evaluating the £, A + ndS 
over the surface of this volume element, we determine 


vy-s =—A, +—-A, +—A, (17) 


This will be done later for a general coordinate system. 
A very important consequence of the definition of diver- 
gence is the divergence theorem: 


f v - AdJ = A-ndS (18) 
v s 


S bounding V 


total output of all 
sources within V 





total fux out of 

enclosing surface 

This is also known in the theory of electricity as Gauss’ 
law. There are many examples in the literature of appli- 
cations of Gauss’ law to the solution of problems involving 
the electrostatic fields D and E. (/)* 

A somewhat different example may be given by showing 
the first Kirchhoff’s law to be a special case of Gauss’ law. 
In Fig. 4, let current flow in through surface S, of a metal 
junction and flow out through surfaces S,, S, and S, of the 
same junction. Let us enclose the junction by a closed 
surface § of which S,, S., S, and S, are parts. Let us 
further assume that the current flow may no longer be 
considered as confined to infinitely thin wires; therefore, it 
can change direction in regions where current may flow 
(metal). As a consequence, it is not proper to speak of 
current as a vector, but the current density M(r) should be 
considered a vector field. Thus, the total current entering 
the metallic junction is 


[ia -ndS = I’; =f, (19) 


while the total current leaving the junction is 


[3 - mas + | J -ndS + [3 - mas =J,+1,;+ 1, (20) 
2 2 S Js 


Finally, if there is no current source in the junction, 


¢ J - nds 0 Gauss’ law 


* Italic numerals in parentheses refer to Cited References at end of article 





sed € 
b se 
ding : 
ew p view 
@" 
( 
nm away om the n toward the bserve 


Fig. 5—The “right-hand screw rule” for direction of normal 
vector n in relation to direction on countour C bounding sur- 
face S. 
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or \ I; =0 Kirchhoff’s law 
fl 


‘ 


From the boundary conditions of the problem, there are 
no normal components of current over areas of S other 
than S,, S,., S, and S,. We know from electrostatics that, 
in chargeless regions of the electric field E or the displace- 
ment vector field D, V > E = 0 and Vv + D = O. At the 
location of a point charge for a true mathematical point, 
p — o; thus, 7* D—> oo. 

Although the point-charge concept may be convenient, 
the concept of charge density is more fundamental. It may 
be interesting to the reader to show that the divergence of 
the position vector equals 3. Thus we can prove: 


V:r=3 
The curl, like the divergence, is often defined as a dif- 
ferential operator, but may also be defined by two separate 
integral operations. We may define either: 


curl A= Vv X A= lim n < AdS (21) 


AVv—-0 Al s 
S bounding } 


1 
< A) = li A - tdl 22 
(Vv xX A) jim, AS g (22) 


C bounding S 


or n-curlA=n- 


In the above, nAS is the vector representation of the 
small AS bounded by C. The direction of the contour C 
and that of n follow the right-hand screw rule, as shown 
in Fig. 5. 

The first integral definition is analogous to that of the 
divergence except for the cross-product sign. However, 


the operation 
g n X AdS 


which yields a vector result, is defined in terms of scalar 


surface integrals 
af @ Xx A)idS 
=2,y,2 


Ui 


¢ n X AdS 


where (mn X A), are projections on three rectangular axes 
and therefore scalars; thus 


¢ (m X A);dS 


is an ordinary integration. The symbols e; represent unit 
vectors in rectangular coordinates; i.e., e, Le} 
e, = k. It can be shown that the two integral definitions 
of the curl, Eqs (21) and (22), evaluated at the same point 
x, y, z in space, lead to the following expression for the 
vector curl A in rectangular coordinates (2): 


i 


| 4 j k 

bi A 0 0 0 

= “<= Or dy d 
Ae ere | 


Oo a a a 
~ (2 ne Oz \) +4 ( az a or .) 
a re 
m 9: 
& ( or 1, oy Az) (23) 


From Egs (10), (17) and (23) we see that the actual 
manipulations leading to the determination of the vector 
fields of gradient (of a scalar) and curl (of a vector) 
and to the determination of the scalar field of divergence 
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(of a vector) may be conveniently memorized by thinking 
of them as operations with an “operator”: 


(24) 


as if VY were a vector in rectangular coordinates with 
“components” 0/dx, 0/dy, d/dz, and as if the opera- 
tion of differentiation were that of multiplication. Thus, 
V@ is formally like the product of the vector y and the 
scalar ® and the operations y* A and V X A are formally 
like the dot product and the cross product, respectively. 
Obviously, the “vector operator” V does not have any 
physical significance and should be regarded purely as 
an aid to memorization. Also, we must remember that 
the “components” of V are partial differentiation operators; 
thus, V has the properties both of a vector and of a 
partial differentiation operator. In the theory of vector 
fields, another vector operator, called the Laplacian, is 
of considerable practical value; it is 


e +4 e 
or? oy? 


The above operator, y*, has a meaning whether applied 
to a scalar—for example 


> ad a 
a + 


Vb = ~ — — 
or ov" Oz 


(26) 


or to a vector, in which case it is defined as: 


or 


a &E, . PE, a &E, tj CE, ri &E, \ &E, 4 
ox” oy> sa” or? oy? az? 


PE, , PE, 
+ +° ) (27) 


oy” 02" 


VE = ( wa tata Jaw. + jE, + kE,) 


or in notation which is much used in tensor analysis: 
: | ; kh; 
YY" E = \ \ e, ~ s 
/ or; 
s 7 


where i ey kW Zi 

Returning to the concept of curl, we notice that its 
definition as a differential operator, while convenient in 
the actual evaluation of components of the curl vector at 
a given point, is not descriptive enough to endow the 
concept with much physical significance. The physical 
meaning is provided by the integral definition, Eq (22), 
where the value of curl could be considered a measure 
of the “circulation” of the vector field. The circulation 
is the §,, A + tdl around a closed curve; the word comes 
from hydrodynamics, where, if A = the velocity of the 
fluid, the integral measures the tendency of the fluid to 
circulate about a point. (3) 

The foregoing definition may be discussed as follows: 
At a point (Xo, yo, Zo), consider a unit vector n and a 
surface element AS normal to n. Find £ A + tdi along the 
curve bounding AS, and divide it by AS, forming 
($A + tdl)/AS. The limit of this ratio as AS — 0 gives 
the component of curl A at (x9, yo, Z)) in the direction n. 
If n is taken in the direction of curl A at (x), yy, z,), then 
SA + tdl assumes its largest value, and the ratio 
($ A+ tdl)/AS approaches the magnitude of curl A at the 
point. From the definition of the curl, Eq (22), we imme- 
diately derive Stokes’ law, which is expressed mathemati- 
cally in the form 


A - tdi = fo < A)- ndS (28) 


C bounding S 
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Notice that Eq (28) is a scalar equation. Line C encloses 
surface S. The left-hand side of Eq (28) denotes line 
integration in the field of vector A, while the right-hand 
side of the same equation denotes surface integration 
in the field of vector V x A. The direction of traversing 
C (tangential unit vector t) and the direction of the surface 
vector element ndS$ must be as illustrated in Fig. 5. Along 
with the previously discussed Gauss’ law, Stokes’ law is 
one of the fundamental laws of vector analysis in appli- 
cation to electromagnetic theory. 

In electrostatics, we deal with the vector field E, which 
is the negative gradient of the potential field U. 


E = — v U (position) 


It is easy to demonstrate formally that the curl of a 
vector which itself is a gradient of a scalar field is zero. 
It suffices to carry out the operations: 


Vv X [ve(r)] = 0 


Similarly, it may be proved that a vector field which itself 
is a curl of another vector field has its divergence equal 
to zero; i.e., 


v-(v xX A) =0 


Fields of divergence zero at all points of space are called 
solenoidal. The magnetic field is a typical example of a 
solenoidal field if we adopt the viewpoint that only electric 
current may be a source of magnetic fields and discard 
the concept of magnetic charge units (poles). Fields such 
as the electric (electrostatic) field, the curls of which are 
zero at all points of space and which in consequence 
could be considered to be gradient fields, are termed 
lamellar or irrotational. 

The divergence theorem and Stokes’ theorem are some- 
times considered as special examples of a larger family 
of vector-integral theorems. (4) They stand out, however, 
from the associated theorems because of their applicability 
to vector calculations based on Maxwell’s fundamental 
electromagnetic equations. A third theorem, also of con- 
siderable physical significance, is the symmetrical Green’s 
theorem, which concerns the vector field F formed from 
two scalar fields ®(r) and ¥ (r): 


F = yve — avy (29) 
Applying the divergence theorem to F, we have: 


[v-ner~ f ¥- nas 
Vv 8 


S bounding V 

By expressing v * F in terms of ® and ¥, we obtain: 
VF = yw — vy 

Thus 


f (yv' — ey’y)dV = 4 (yw —@vy)-mdS (30) 
v 8 


which is Green’s theorem. 

There are many identities in vector analysis which 
facilitate the operations and are independent of the as- 
sumed system of coordinates. Some of these involve 
operator v formally as if it were a vector of rectangular 
components 0/dx, 0/dy, 0/dz. 

In order to use these operators effectively, it is essen- 
tial to denote clearly by parentheses in what sequence 
the operations should take place and to use clear nota- 
tional distinction between vector and scalar quantities. 

For example, (A + v) represents a scalar operator 
which may be made to operate on a vector or on a scalar, 
yielding a vector or a scalar, respectively. Thus: 








(A-v) B = vector 





scalar vector 
operator 
a d Jt ¥ 
(4. Stag Ag ). + 1B, + kB,) 


% eee 


a 
is * Ax; = > > eA, Ox; B; (31) 


while 
' ab 
(A-v) © \ 1: (32) 
07, 
setler scalar one ’ 
operator sealar 


Table II provides a summary of the more frequently 
encountered vector identities. 


Table Il — Table of Vector Identities 





® Vector products: 


1.A-B=B-A 
2AXB=-BxXA 
B. 


A-(B XC) =B.-(C Xx A) ='C- (A X B) = etc. 
A, A, A, 
B, B, B, 
C; C, Cc 


4. AX(B xX C) = BA: C) — C(A- B) 
5. (A X B)-(C XD) =(A-C)(B- D) —(B- C)(4-D) 


® Differentiation with respect to a scalar: 


. ggA+B)= ZA+5,8 

1. Zea) - oT 4 a? 

. sq (AB) =A- fie. <8 
2 G(AXB) =A xSE Sh xe 


® Formulas of partial differentiation: 


Tn 


:. 
10 Given f(uju, --- up) vf= \ of vin 
(u, are scalar fields) nj 9U- 


r=l 





11. Let f and g be scalar fields: 
Vifg) = evi+ fvée 


12. (A-V)f =A-VEF 
13. (AXV)f=AX (VE 


Sica 


tr = scalar field 


wv A 
— 

9x Da 5 ove. 
— — 


16. (A XV)-B=A-(V XB) 

17. V7 -@A = 7 - A) + A; (V&) where ® = scalar field 
18. V X @A = OV X A) — A X (V®) where = scalar field 
19. V-(A X B) =B-(v X A)-—A-(V XB) 


20. Vv X (A XB) =A(v-B)+(B-v)A— Biv: A) - 
(A-Vv)B 


21. V(A- B) =(A-V)B+(B-vV)A+A X(V XB) + 
B X(v X A) 


22. V X (Vv) =0 

23. V-(V X A) =0 

24.0 X(V XA)=V(V-A)-V'A 
25. V - r = 3 (divergence of the position vector) 

26. V X r = 0 (curl of the position vector equals zero) 


27. (A-V)r=A 





Coordinate Transformations and Matrices 


The customary simplified definition of a vector either 
as a quantity having magnitude and direction or as a set 
of three components (as we have been doing) is not 
really adequate, as a simple example will show. An arrow 
of given length and direction could represent a vector 
as just defined. Such an arrow could describe the rotation 
of a rigid body about some axis and through an angle @ 
in the following way: draw the arrow along the axis of 
rotation, make its length equal to @ in radians, and let 
its sense be given by the right-hand rule. Then, apparently, 
a rotation is a vector. But this is not so! Take a book and 
rotate it 90 deg about the X-axis, then 90 deg about 
the Y-axis. Repeat, rotating this time first about the 
Y-axis through 90 deg and then, similarly, about the 
X-axis.. The final positions of the book are different. But 
the sum of two vectors does not depend on the order in 
which they are added; in mathematical language, vector 
addition is commutative. The arrows associated above with 
rotations are not vectors. This example shows that a 
magnitude plus a direction does not specify a vector—or, 
in other words, just any three quantities are not necessarily 
the components of a vector. 

An additional requirement for a vector is usually made 
in elementary physics in the form of the parallelogram 
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law of addition, or the method of addition by components. 
Even this is not enough to insure that we have a true 
vector. There is a more sophisticated way of defining a 
vector which it is essential to understand in order to 
define tensors, for instance. 

The laws of electricity—indeed, of any branch of 
science—do not depend for their validity on the par- 
ticular scientist or instrument doing the measuring, or 
on the coordinate system used, or on the particular system 
of units used. To give some examples: (1) the distribution 
of charge on a sphere placed in a uniform electric field 
is the same whether we choose to use rectangular or 
spherical coordinates to describe it; (2) force = mass 
times acceleration is correct for the motion of a billiard 
ball whether axes are chosen parallel to the edges of the 
table or parallel to other lines; (3) Kirchhoff’s laws are 
true whether we use instruments reading volts and amperes 
or millivolts and milliamperes. 

It appears, then, that there is something fundamental 
about physical laws which does not depend upon man- 
made trappings such as units and coordinate systems, 
essential as these may be to our description of physical 
phenomena. A really satisfactory mathematical statement 
of a physical law should then have the same mathematical 
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form regardless of units and coordinate systems. We need 
to concern ourselves then, with changes of variables in 
equations which state physical laws. Here are some ex- 
amples: 

1. If x, y, z are rectangular coordinates and r, 6, g, are 
spherical coordinates, then the relations between the two sets 
of variables are: 

rz =rsin 9 cos ¢ 
y =rsin@sin ¢ 
z =rcos@ 


‘ 


2. If x, y are one set of rectangular coordinates, and x’, y 
are a second set with the same origin but rotated by an 
angle 6, then 

zr =rcosé+y sin é 
y’ = —zsin@+ y cos@ 


3. If one person reads a meter in watts, w, and another 
person, using a different meter, makes the same measurement 
in kilowatts, w’, then w = w’ © 103. This last equation might 
not ordinarily be thought of as a change of coordinates; it 
is, however, a change of variable ang there is no mathematical 
distinction between the two. If a variable is plotted, it could 
be called a coordinate. 


All the above are examples of “transformations of 
coordinates,” which is just a geometrical way of saying 
“changes of variables.” There is another reason, particu- 
larly important to the electrical engineer, for wanting to 
master the mathematical techniques of coordinate trans- 
formations or changes of variable. Frequently a problem 
can be simplified by introducing a different set of vari- 
ables; however, the algebra involved in doing this by 
straightforward elementary methods may be prohibitive. 
Here the methods of matrix or tensor manipulation may 
save the day. 

In discussing coordinate transformations and tensors, it 
is convenient to use the language and notation of matrices. 
Here we shall summarize very briefly the basic facts about 
matrices covered in a previous article (5), and then de- 
velop the subject further in directions needed in the 
present article. 

A matrix [M] is a rectangular array of quantities a;; 
called the elements of the matrix; e.g., 


ay aye ais 
[2] 
a2 ar a3 

Matrices differ in several important ways from deter- 
minants: 

1. A determinant has a value—i.e., it is equal to a 
single number—whereas a matrix is a display of a set of 
quantities and cannot be “evaluated,” or put equal to a 
single number. We do, however, use a single letter to 
represent a matrix, but this is merely an abbreviation and 
not a value. An example may make this clear. We cus- 
tomarily represent vectors—say, the magnetic field B— 
by a single letter; this is an abbreviation for 


iB, + jB, + kB, 


ie., a set of three components. We cannot specify B by 
a single number; three components (or a magnitude and 
two direction angles) are required. Similarly, [M] is an 
abbreviation for the array of quantities aj; In fact, we 
can and often do display the components of a vector in 
matrix form, thus: 


B=(|8, B, B,) 

[ 
a row matrix, or B=; ly, 
Li 


a column matrix. While a matrix does not have a single 


JUNE 1961 


value, we can and often do find, for a square matrix, the 
value of the determinant with the same elements; this is 
called the determinant of the matrix. 

2. A determinant is necessarily square; as we have seen, 
a matrix may be of any rectangular shape. 

3. It is well known that multiplying one row or one 
column of a determinant by a number multiplies the 
value of the determinant by that number. This is not the 
case for a matrix; multiplying a matrix by a number means 
multiplying every element by the number. If 


5 2-3 25 10 —15 
[M]= 5[M]= 
ee Se 2035 '~ «(5 


4. We might say D, = D, for two determinants if their 
values were equal but their elements different; e.g., 


| ] 5 7 19 
D, = 9 = 2 
ie 12 1 3 


Matrices are equal only if they are identical. 


1 5 
[M,] = | | 
2 12 
. oan 
[ M, ] = 
1 3 


In fact, the “equation” [X] = [M,], where 


2 y 
eni+f 2 
z w 


is really a set of four equations: 


is not equal to 


z=1 y= 
z=2 w 2 


5. Matrices are added by adding corresponding ele- 
ments, which would not be correct for determinants. If 


River 2-3 5 
[ M, ] = and l M, J = 
—4 5 4 2 0 


then 

0 é 

3 § 
It is clear that matrices can be added only if they both 
have the same number of rows and both have the same 
number of columns. 


6. The multiplication rule for matrices is also correct 
for determinants; we indicate the process by an example: 


A DG 
| 2 gS 

o Pes 

aA + 6B+cC : aD+ bE +cF : aG+bH+cl 
[Si +eB+fC : dD+eE i Lab ci ci | 


This is usually referred to as row-times-column multiplica- 
tion. Notice that [M.][M,] is meaningless (try to do it!). 
If the first matrix has the same number of columns as 
the second has rows, the matrices are called conformable 
and can be multiplied; otherwise they cannot. Even when 
two matrices are conformable in both orders ({M,][M.] 
and [M,|[M,]), the two products may be different. 

We now define some useful terms used in operating 
with matrices. Consider the matrix 


1 0-2 
[M] =[a;] = O24. 


3 
(Mi]+(™M: i-| 
0 


ree 


[Mi] [M2] -| 
on Ss 


—1 -3 








Fig. 6—Network, four-terminal. 


The minor of an element a;,; is the determinant obtained 
by striking out the row and column containing a,,;. We 
call this A;,;. In the above matrix, the minor of the element 
a,, = 5 is 


Au = | |; =3 
0 


The cofactor of an element a;; is the signed minor 
(—1)**/A;,;. In the numerical example, the cofactor of 
5 is (—1)**3A,, = —3. 

The transpose [M7] of the matrix [M] is the matrix 
obtained by interchanging rows and columns. 

The Kronecker delta 6;; means 1 when i = j and 0 
when i + j. For example, 8,, = 8.. = 8,, = 1, but 6,, = 
8., = 5,,, etc., = 0. 

A unit matrix [U] means a square matrix with all ele- 
ments 0 except those on the main diagonal, which are 
all 1. The 3 3 unit matrix is 


ve 8% 


0 Oo 1 


This is conveniently abbreviated by saying [U] = [8;,], or 
a;; = 5;;, where 8;; is the Kronecker delta. The reader 
can easily verify that, for any square matrix [M], [M][U] 
= [U][M] = [M]. 

The inverse of [M], written [M-*], is obtained by re- 
placing each element by its cofactor, transposing, and 
then dividing the resulting matrix (i.e., each element of it) 
by the determinant of M. Clearly, only square matrices 
with det M + O have inverses. The products [M][M-*] 
and [M-‘][M] are both equal to the unit matrix [U]. 

We now give an example using multiplication of 
matrices. (6) Consider the four-terminal network shown 
in Fig. 6. For constant and linear network elements, 


E, = aE, + bi; 
i; = cE; aa dl, 


where the constants a, b, c, d are the network parameters 


and the matrix 
a b 
[T]= | | 
c d 


is called the transmission matrix. The pair of equations 
above is conveniently written in matrix notation as 


BE, a b E, E; 
[1-8] « 

I; c d I, I, 
Now, suppose we have two such networks (for simplicity, 


assumed identical), in cascade. Then, in addition to the 
above equations, we have 


Ey a b E; EB; 
Ladle alla ]-™ 
I, ¢ d I; I; 
From the four linear equations (two matrix equations) 


we could algebraically eliminate E, and J, to get E, and 
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Fig. 7—Transformation of vector. 





I, in terms of E, and /,. Using matrices, it is very simple: 
Ey Ey E; Ey 
| |-in =(T)(T]) = [T?) 
I; I; I; T; 
a b a 6b E; [ET | 
-[' a Ji cat+deidbt@ ld, 


For a whole set of such networks in cascade, the overall 
transmission matrix is just the appropriate power of the 
matrix for a single network. 

We could also, using matrix notation, go backwards 
and find E,, J, in terms of E, and /,. Multiplying both 
sides of Eq (34) by the inverse of [7], we get 


E, E; E, 
fey = (TT )(T] - 
I, I, I; 
E; E, 
or = (T*) 
I; q 
Led] 
=[T] 
I I; 
E; Ey 
[E]-irs 
I; I 
where [7-] is the inverse of [T?]. 
The above example is an illustration of a change of 
variable or change of coordinates. Such transformations 


are important in tensor analysis. Let us look into this 
further. Consider the equations 


Similarly, from 


we get 


z’ = ar + by y’ = cr + dy (35) 


or, as an explicit numerical example, 


y’ =— 2z + 2y (36) 


z’ = 52 — 2y 


These equations can be interpreted geometrically in two 
ways. 

The first method is shown in Fig. 7. Let r and r’ be the 
vectors r xi + yj and r = xi + y’j. Then, Eqs (35) 


and (36) tell how to get the vector r when we are given r. 
Equation (35) or (36) can be written in matrix notation as 


z’ a b ¥ 
| |-[ I | or [rv] =[M][r] 
y’ c d ¥ 





Fig. 8—Transformation of coordinates. 
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where [r’], [M] and [r] stand for matrices. The matrix [M], 
called the matrix of the transformation, contains all the 
information necessary to obtain [r’] from [r]. We could say 
that multiplication of [r] by matrix [M] changes it into 
another vector—actually, a second-rank tensor has the 
same effect. In fact, our reason for considering matrices 
in detail here is precisely that they correspond very closely 
to an important class of tensors. 

In the second method, Fig. 8, we consider two sets of 
coordinate axes, and one vector (r = r’) with coordinates 
relative to each set of axes: 


r=a+yj=r =r7i'+yyJ 
This time, the matrix [M] of the transformation tells us 
how to get the components of the vector r = r’ relative 
to axes x’ and y’ when we know its components relative 
to axes x and y. 

We can give a physical interpretation to Fig. 7. Suppose 
the xy plane to be an elastic membrane which can be 
stretched, shrunk, or rotated, with the origin fixed. Then, 
any point x, y becomes some point x’, y’ after the de- 
formation and we can say that the matrix [M] describes 
the deformation. Let us now ask whether there are any 
vectors, r, which are not changed in direction by the 
deformation—i.e., such that r’ = pr, where zp is a constant. 
Such vectors are called eigenvectors or characteristic vec- 
tors of the transformation, and the values of uw are called 
the eigenvalues or characteristic values. To illustrate find- 
ing them we use Eqs (36) which, in matrix form, become 


Jl sts 


(36a) 


The eigenvector condition, r’ = pr, is, in matrix notation, 


Lehn Pied led “Lied 


or, written out in equation form, 


Sz — 2y ur 
—2r + 2y uy 


(5 — wr — 2v = 0 


-2r+(2-ny=0 © 


or 
If we tried to solve such a set of equations by determinants, 
we would get x = 0, y = 0, because the constants on 
the right-hand side are zero, unless the determinant of 
the coefficients were equal to zero. In the latter case, the 
equations would be dependent and we would get an infinite 
set of solutions. The condition for solutions other than 
x = y = O is then that 


(38) 


This is called the characteristic equation of the matrix 


[M]. We solve it for » to find the characteristic values 
of [M]: 


( —vw) (2-4) —-4=W—-m+6=0 


so that u 6 or » = 1. Going back to Eqs (37) and 
substituting the » values, we get: 


z+ 2y 
from either of Eqs (37) when 
2zr -—y 


from either of Eqs (37) when » = 1. Now these are 
equations of straight lines; these equations say that any 
vector r from the origin to a point on x + 2y = 0 is 
changed by the transformation, Eqs (36), to a vector in 
the same direction but six times as long, and any vector 
from the origin to a point on 2x — y = 0 is unchanged 
by the transformation. These vectors (along x + 2y = 0 
and 2x — y = 0) are the eigenvectors of the transforma- 
tion. Physically, in our example, the deformation along 
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these two directions (and only these) was a pure stretch 
with no shear (rotation). These ideas have important 
applications in the analysis of stress and strain in both 
mechanics and electricity. 

To continue our discussion of the basic mathematics 
involved, we return to Eqs (37) and write them out for 
the two values of y; we also use subscripts 1 and 2 to 
identify the corresponding eigenvectors: 


ee 2y1 = 67 52 “2 2y2 = Z3 


—2zr, + 2y; = 6y; —2r. + 2y2 = V2 


These four equations can be written as one matrix equa- 
tion, as can be verified by multiplying out both sides: 


5 -—2 tT) Ze ZT Zo 6 0 
Los sdhn’ wk" bse oa oo 

-2 2 ‘1 Ye yu Ye 2 
All we really can say about (x,, y,) is that x, + 2y, = 0; 
howevel, it is convenient to pick numerical values of x, 
and y, satisfying this equation so that r, = (x,, y,) is a 


unit vector, and similarly for r, = (x,, y.). This amounts 
to dividing Eq (39) by a constant, since 


ve x, = 2/\/5, 
1/\/5, vy, = 2/\/5, and Eq (39) 


1 

V5ir6 0 
tl 

9 0 l 

V5 


Representing these matrices by letters, we could write 
Eq (40) as 


is on both sides of the equation. Then we have x, 
y, = —1/V5, x, = 
becomes: 


[M)[(C]=[C][D] (41) 
where 


5 —2 V5 
un =[ frei 
—2 2 : l 


If, as here, the determinant of [C] is not zero, then [C] 
has an inverse [C-']; let us multiply Eq (41) by [C~*] and 
remember that [C-'][C] = the unit matrix: 


b.09F6: 4 
(or ](M ILE} = ("1161101 =| || | 
Ce2 3 
6 0 
-| |-19 (42) 
0 1 


The matrix [D] has elements different from zero only 
down the main diagonal; it is called a diagonal matrix. 
The matrix [D] is called similar to [M], and when we 
obtain [D] given [M], we say that we have diagonalized 
[M] by a similarity transformation. What this amounts to 
physically is that we have simplified our problem by a 
better choice of variables. It is easy to find [D]; we need 
only solve the characteristic equation of [M]. Then [D] 
is a matrix with these characteristic values down the main 
diagonal and zeros elsewhere. We can also find [C], but 
for many purposes we need only [D]. 

We can consider some simple examples of the use of 
this process. A central conic section (ellipse or hyperbola) 
with center at the origin has the equation 


Az’ + 2Hzry + By? = K (43) 
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where A, B, H, and K are constants. In matrix form, this 


can be written 
A H zx : 
[x y] = K (44) 
eos y 


(as the reader can verify by multiplying out the matrices). 
We want to choose the principal axes of the conic as our 
reference axes in order to write the equation in simpler 
form. Consider Fig. 8; let the axes x’, y’ be rotated by 
some angle 6 from x, y. Then the xy and the x’y’ coor- 
dinates of a point are related by an equation like Eq (35): 


led oles lsd Led 


where [C] is the inverse of the matrix 


a b a b 
| | that is, [Cc] = | | 
c d c d 


In general, we may consider x’, y’ axes which are not 
perpendicular to each other and then a, b, c, d may be 
any numbers. However, we are here considering a rota- 
tion of axes (called in mathematics an orthogonal trans- 
formation), and for this case a, b, c, d are related. In fact, 
from the equations for rotation of axes through an angle @, 


, 


x’ =zcosé+ysiné 


y’ = —zsin 6 + y cos 0 
2” cos@ = sin @ z 
or - : (45) 
y —sin@ cosé@ y 
we see that a = cos 0, b = sin 6 = —c, d = cos 8. This 
matrix of an orthogonal transformation is called an 


orthogonal matrix. Geometrically, it is clear that the 
inverse transformation is a rotation back through an 
angle —@; the inverse of the matrix is likewise obtained 
by replacing 6 by —6@. We can verify directly that it is 
an inverse: 


| cos@ sin @ cos 6 —sin 6 I 0 
—sin@ cosé@ sin 6 cos 6 0 l 
Then we have: 
2” cos@ sin #@ z zr 
- = [C7] 
y’ —sin@ cos9 y y 
zr cos@ —sin@ 2’ 2” 
=| ={C} 
y sin @ cos 6 y’ y’ 
cos 6 sin 6 
{zz yJ]=[z2’ vy'] = [2’ 
—sin@ cosé@ 


as can be verified by multiplying out the matrices. Notice 
that the inverse matrix [C-'] is equal to the transpose [C7], 
obtained by interchanging rows and columns of [C]. This 
is a general condition for an orthogonal matrix valid in 
three (or more) dimensions as well as two. 

A condition for [M] to be orthogonal is: 


[MT] =[M=] (47) 


Geometrically, an orthogonal matrix represents either a 
rotation of axes, or a reflection of one or more axes (e.g., 
reversing the positive direction of x). It is easy to show 
that det[M] is either +1 or —1—~i.e., (det[M])2 = 1. The 
determinant of [M7] is the same as the determinant of 
[M], since a determinant is not changed by interchanging 
rows and columns. Also, the determinant of a product of 
two matrices equals the product of the determinants, since 
the rules for multiplying determinants are the same as 
for matrices. Then, since [M7][M] = [U], (det[M’]) - 
(det[M]) = (det{M])? = det{U] = 1. Another useful 
property of an orthogonal matrix can be stated as 


y’ | [CG } (46) 
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S aaa = 6% and S aya = die (48) 


‘ + 


for an orthogonal matrix. 

Expressed in words, the sum of the products of the 
elements of any row (column) times the elements of a 
different row (column) is zero; and the sum of the squares 
of the elements of any row (column) is one. 

Going back to the conic section, Eq (44), let us sub- 
stitute for x and y their values in terms of x’ and y’ from 
Eq (46): 


A H [Tr A H 2’ 
y ft 2+ vessel) -« 
HB Ly yy PB y’ 

A # 
| |-mn 
H B 


and [C-1][M][C] = [D], this becomes 


z’ 
ie’ | | =K (49) 
y 


But [C-"][M][C] = [D] is just like Eq (42). If we diagonal- 
ize [M] and write Eq (49), what we have really done is 
rotate to principal axes. Using the same numbers we had 
in Eq (36a), we rotate to principal axes the conic 


52? — 4ry + 2y? = 30 (50) 


If we call 


In matrix form, this can be written: 


[x vf : a = 30 6) 


We previously found 


6 0 
[D} om 
0 l 


Then the equation relative to principal axes is 


6 0 x” 
[z’ y'] = 6r + y”? = 30 
o° Day. 


From the matrix [C], Eq (41), of the unit eigenvectors, 
we can find the angle of rotation from the x’y’ axes to 
the xy axes, 8 = arc cos 2/\/5. 

Notice that in writing the comic-section equation in 
matrix form, Eqs (44) and (51), we split the xy term 
evenly between the two non-diagonal elements of the 
matrix to make [M] symmetric. A matrix is symmetric 
if a;; = a;;. It can be proved that [M] can be diagonalized 
by a similarity transformation [C~*][M][C] with [C] and 
orthogonal matrix (i.e., by a rotation of axes) if, and only 
if, [M] is symmetric. We choose [M] symmetric, by 
splitting the xy term in half, to make our process work. 

Another example of the same kind follows, without 
detailed explanation. Rotate to principal axes the quadric 
surface 

zx’? + 6ry — 2y? — 2yz + 2? = 24 


In matrix form, this is 


1 3 0 zr 
[z y 2z]] 3 —2 -1 y | = 24 
0 —] 1 z 


—wi + 13y 12 


= —(w — 1) + 4) — 3) 
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The characteristic values are » = 1, p = —4, » = 3, and 
the quadric surface becomes 


x’? — dy”? + 32 = 24 


The unit eigenvectors can be found by solving the equa- 
tions 


ur 
3 y |=] 4 
1 z L uz 


for each of the three y»’s. This gives, in the rotation matrix 
[C] below, the terms of the first column for » = 1, the 
terms of the second column for » = —4, and the terms 
of the third column for p = 3. 


0 —] 


+e 3 we 
Vv 10 Vv 35 v14 


5 9 


v3 Via 
3 1 1 


Vv 10 Vv 35 v14 


[C]=] 0 


The numbers in [C] are the cosines of the nine angles 
between the xyz and x’y’z’ axes. 

A useful physical application of this method occurs 
in discussing vibrations—mechanical or electrical. We il- 
lustrate this with a simple problem. Find the character- 
istic vibration frequencies for the system of masses and 
springs illustrated in Fig. 9. Let x and y be the coordinates 
of the two masses m at time ¢ relative to their equilibrium 
positions. Then the kinetic energy T and the potential 
energy V of the system are: 


T = (1/2)m(# + y’) 
! = (1/2)kr* + (1/2)ky? + (1/2)k(r — y)? 
= (1/2)k(2z? + 2y? —2zry) 


where k = spring constant. By a change of variables, we 
can diagonalize V. 


2 —] # 
2r? + 2y’ — Qry = [zx mf 
—] 2 y 


| =0 = 2 —44 +3 = (uw —1)( —3) 


In the new variables, V becomes V = (%2)k(x’? + 3y’). 
Since the matrix corresponding to T is the unit matrix, 
it is not changed by the transformation. 

[C-*] [U] [C] = [C] [C) = [U) 


so T = (%)m( x”? + y”). The equations of motion are 
then given by Lagrange’s equations: 


mz’ = —kzr 


my’ = —3ky’ 


The corresponding frequencies are 


ait oe 
ov =4/F, @v 77 m 


By solving for the orthogonal transformation matrix [C] 
and using 
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Fig. 9—System of masses and springs. 


Fig. 10—Element of arc length in a cylindrical system, using 
polar coordinates. 


LJ- 


we find x = x’ —y’ and y = x + y’. We can then describe 
the two characteristic modes of vibration. For the x’ mode, 
y’ = 0 or x = y; the two masses oscillate back and forth 
together to the right, and then to the left, with frequency 
o,, = \/k/m. For the y’ mode, x’ = 0, x = —y and the two 
masses oscillate in opposite directions—first apart and then 
together—with frequency ,, = \/3k/m. 

Before we continue further with our discussion of 
changes of variable or coordinate transformations, it is 
necessary to talk about some properties of a single-coor- 
dinate system. It is convenient to use this geometrical 
language and say “coordinate system” and “transformation 
of coordinates,” but it should always be kept in mind that 
these are entirely equivalent to “set of variables” and 
“change of variables.” To make the discussion concrete, 
we will illustrate with two familiar coordinate systems— 
the ordinary rectangular system xyz and the cylindrical 
system r@z, and two less-familiar systems which we shall 
mention later. It is a familiar fact that the elements of 
arc length in the rectangular and cylindrical systems are 
given by ds? = dx? + dy® + dz? and ds? = dr® + r°dé@? 
+ dz*. These expressions for ds are what the geometer calls 
the line element; they have much greater significance than 
just their use in computing arc lengths. First, consider 
how we can find ds? for a given coordinate system, In the 
case of a well-known coordinate system, the answer may 
be obvious from the geometry. In polar coordinates in 
the plane we have, from Fig. 10 and the Pythagorean 
theorem, 


ds? = dr? + rde@ 
For an unfamiliar or complicated change of variables, 
however, we need a systematic method of finding ds; we 


illustrate the method by finding the above ds? for cylin- 
drical coordinates. From the equations 

rz =rcosé dz = cos 6dr — rsin 9/4 
y =rsiné dy = sin 6 dr + r cos 6 d# 


2=2 dz = dz 


we get 


Squaring each equation and adding, we get 
ds? = dz? +- dy? + dz* = dr + r°d@ + dz 


Notice particularly here that all the cross products can- 
cel out. This will not always happen, but it often does; 
when it does we call the coordinate system orthogonal. 
Such coordinate systems have some particularly simple 


103 








and useful properties. Geometrically an orthogonal system 
means this: if we draw unit or base vectors at any point 
in the direction of increasing r (@ and z constant), in- 
creasing @ (r and z constant), and increasing z (r and 6 
constant), these vectors are orthogonal (perpendicular to 
each other). Also, the coordinate surfaces which pass 
through a point intersect each other at right angles. In 
the rectangular system, the coordinate surfaces (x, y and 
z constants) passing through any point are mutually 
perpendicular, and the three coordinate lines, or coordinate 
directions (i.e., lines of intersection of pairs of coordinate 
planes) are perpendicular. In fact, these lines give the 
directions of the unit vectors i, j, k. For the cylindrical 
system, the coordinate surfaces are r = constant (set of 
concentric cylinders), 6 = constant (set of planes), and 
Z constant (set of planes). The three surfaces through 
a point again intersect at right angles. The three curves 
of intersection of the coordinate surfaces in pairs intersect 
at right angles and these curves are the coordinate “lines” 
or directions, Fig. 11. We draw unit or base vectors 
tangent to the coordinate directions and call them e,, e,. 
e k. These unit vectors form an orthogonal triad like 
i, j. k. We refer to such coordinate systems as curvilinear 
coordinates when the coordinate surfaces (or some of 
them) are not planes and the coordinate lines are curves 
rather than straight lines. 

In general, let x,, x.. x, be the set of variables or co- 
ordinates we are considering (e.g., above, for the rec- 
tangular system, x, = x, x, = y, x, = z; for the cylindrical 
system, x ets 0, x constant, 


z). Then x, 





Fig. 11—Coordinate directions in cylindrical system. 





Fig. 12—Bipolar coordinates in a plane. The circles centered 
en the x axis represent x, = constant, and the circles centered 
on the y axis represent x, = constant. 
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xs constant, x, — constant are three sets of surfaces; 
the three surfaces through a point intersect in three co- 
ordinate lines. These surfaces may or may not be ortho- 
gonal. In representing physical quantities in three-dimen- 
sional space, we are almost exclusively interested in 
orthogonal coordinate systems, but in non-geometrical 
changes of variable, we may meet non-orthogonal systems. 
We illustrate this for two coordinate systems which are 
less familiar than the rectangular and cylindrical systems. 
To simplify our discussion, we shall work in two dimen- 
sions (the equation z = x, can be tacked on if you like; 
curves then become cylinders). Let x, and x, be defined by 
sin 22 


and y= (52) 
cesh 2; + cos 22 


; sinh x 
cosh x; + cos 23 


The coordinates x, and x, here are called bipolar coor- 
dinates; they are useful in finding the potential distribu- 
tion, electric field, etc., between two cylinders or between 
a cylinder and a plane. As a second example, consider 
zr = Ar, + Br. y = Cr+ Dr, (53) 
where A, B, C, D are constants. Here the x, and x, are 
called oblique coordinates. Equations like this may occur 
in non-geometrical changes of variable; this would be 
called a linear transformation, because x and y are linear 
functions of the new variables x, and x,. Equations like 
Eq (53) occur in special relativity where the x, and x, 
would be space-time coordinates in Minkowski space. 
Now let us find ds? for these two systems and see 
whether they are orthogonal. For Eqs (52), 


_ (cosh x: + cos r2)cosh 2,dz; + sinh z,(sinh z,dz; — sin 72d72) 





dz ~ (cosh x; + cos 22)* 
dy = (cosh x1 + cos 22)cos 2dr, + sin z,(sinh r,dr, — sin r2dz2) 
yo (cosh 2; + cos 22)? = 
2 2 
ds? = dz? + dy? = dz; + dr; - 


(cosh x; + cos 12)? 


We see that this is an orthogonal coordinate system since 
there is no dx,dx, term in ds*. This is also clear geometri- 
cally; the curves x, = constant are circles with centers on 
the x axis; the curves x, = constant are an orthogonal set 
of circles with centers on the y axis. In three dimensions, 
including the equation z = x,, these circles become cylin- 
ders, and the coordinate surfaces are two sets of cylinders 
and one set of planes, Fig. 12. Now we look at Eqs (53): 


dr 4dr, + Bdrz 
dy Cdr, + Ddr2 
ds? = dr* + dy? 
(A? + C%)dzr? + 2(AB + CD)dzridr. + (B? + D*)dr? 


Unless (AB + CD) is zero, x, and x, here do not give an 


orthogonal system. In fact, the lines x, = constant and 
xX, = constant are sets of straight lines not perpendicular 
to each other, Fig. 13. The axes x, = 0, x, 0 can be 





Fig. 13—Oblique coordinates. 
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and (rather infrequently) are used to locate a point as 
shown. We will usually be concerned with orthogonal 
systems. 


Seale Factors for Orthogonal Systems 


In the rectangular system, if x, y, z are the coordinates 
of an electron, and x changes by dx with y and z constant, 
then the distance the electron moves is ds = dx. However, 
in the cylindrical system, if @ changes by dé with r and z 
constant, the distance the electron moves is not dé, but 
ds = rd@. Factors like the r in rd@, which must multiply 
the differentials of the coordinates to get distances, are 
known as scale factors and are very important, as we 
shall see. A straightforward way to get them is to calculate 
ds* as above; if the transformation is orthogonal, then 
the scale factors can be read off from ds*. Consider ds? 
in cylindrical coordinates: 

ds? = dr*® +. r°d@? + dz? 

The ds is an arc length—i.e., a distance traversed by a 
moving point when the variables r, 6, z change by dr, dé, 
dz. Since r, @ and z are independent, we can let any one 
of them change while the others remain constant. Let r 
increase by dr (@ and z constant); then, ds = dr. We 
shall write this ds, = dr to indicate which variable changes. 
Similarly, ds, = rd@, and ds. =: dz. Then, 

ds? = ds, + ds,* + ds? 
It is also useful to consider a vector ds which has compon- 
ents dr, rd@ and dz in the coordinate directions—i.e., in 
the directions e,, e,, e.: 


ds = e,dr + egrdé + edz 
Then ds? = ds + ds, since the e vectors are orthogonal and 
of unit length. For any general variables x,, x., x,, we 
first find ds*. If the system is orthogonal, ds? will be of 


the form 
ds? hdr? + hedr.? + hdr? Shears 
ya 


ml 
Here the /’s are the scale factors and 
ds; = hdz, when 2; increases and x, and x; remain constant 


ds. = hodr, when x increases and 2; and z; remain constant 
ds; = hdr; when z; increases and z; and x2 remain constant 


Thus, ds ds,? + ds,? + ds.? and 


3 3 


= lle \ e.ds, 


hom! — 


i=l i=l 


ehidr, + ehodrs + e,hadr 


It is also worthwhile to notice that the volume element in 
an orthogonal system is ds,ds,ds, (volume of a small rec- 
tangular parallelepiped with edges ds,, ds,, ds,, like 
dxdydz). For example, in cylindrical coordinates, the 
volume element is dr + rd@ + dz = rdrd@dz. 

As another example, the scale factors for the bipolar 
coordinate system Eq (52) are: 


1 
cosh ZT; + COS Fz 


hy = he = 


and the area element is 


dridry 
hndadas = (ah 2, + con a) 

The reader might find it interesting to compute ds*, the 
scale factors, and the volume element for spherical coor- 
dinates. 

If the coordinate system is not orthogonal, then we 
cannot talk about scale factors, but the coefficients in ds? 
are still important. In general (i.e., not assuming an 
orthogonal system), ds? will look like this: 


ds? = gydri? + gyudridrz + gisdridr; + gudrdzr, + gndrz? + 


Gadrodr, + gudrydr, + gydrjdzq + gydr? 


where the g;; factors represent the coefficients which arise 
in computing dx? + dy* + dz*. This is usually written 
in more compact form -with summation signs: 


3 3 
ds? = + gijsdridr; 
head hed 


=I 7 


It is also useful to write it in matrix form: 


gu gin Gia | 


ds? = [dx, dz, drs gu ge Gas 
931 G32 Gas 


The quantities g;; form a tensor known as the metric 
tensor. Now, if the coordinate system is orthogonal, it 
follows (from the above) that 


ds? = gydr,? + gndre? + ggdr;" 


(in matrix language, g,; is a diagonal matrix). In this 
case, we can also write: 

ds? = hjdr,? + hedr2 + h,2dr; 
where hy = \/811, Ay = V/8225 Ay = W853; the A symbols 
are the scale factors mentioned previously. 


Vector Operations in Curvilinear Coordinates 


We will derive expressions for gradient, divergence and 
curl in terms of curvilinear coordinates x; and the scale 
factors h;. Let ®(x, y, z) or ®(x,, x., x,) be a scalar field; 
e.g., electric potential (volts). The surfaces ® = constant 
are called equipotentials. Starting at a point x, y, z, Fig. 14, 


and proceeding in a direction given by a unit vector e, 


Curve of ®@ = constant 


Fig. 14—The concept of directional derivatives. 
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we seek the rate of change of ® with distance (volts/- 
meter). This is the directional derivative d®/dl of ® in 
the direction e. The equation of the straight line along e 
can be written in parametric form as 


z=2(I) y=y(l) z= xl) 


where / is arc length along the line. If we imagine x(I), 


y(l) and z(l) substituted in ®(x, y, z), then ® becomes a 
function of / and we can compute d®/dl. By the rules of 
partial differentiation, 


3 dz 
dz dl 


d® _ db dr 
diaz dl 


d@ dy 
‘ay dl + 
Since (dl)? = (dx)? + (dy)? + (dz)*, the expression 


dr ay . «@ 
hatlat*a 








is the unit vector e, and we can write 
di/dl=Vb-e 


oo = PM + OP Lk OP (55) 


where az * ay 32 
as previously defined. Then, d®/dl is the projection of 
v® in the direction e. Thus, y® has its largest value 
when e is parallel to y@. Now we can show that v® 
is always perpendicular to the surface ® = constant. If e 
is parallel to the surface—i.e., we progress along the 
surface © = constant— ® does not change and d®/dl = 0. 
Then, v® + e = 0; i.e., V® is perpendicular to the sur- 
face ® constant. For example, the lines of E (electric 
field E -v U) are perpendicular to the equipotential 
surfaces: U constant. 

To find y® in orthogonal curvilinear coordinates, we 
return to the fact that d@/d/ in any direction e is the 
component of v@ in the direction e. Then the components 
of v® in the directions of the three perpendicular unit 
base vectors e,, e., €, are 


i d de 
ds,’ ds, ds; 


where ds,, ds,, ds, are arc lengths in the three coordinate 
directions (as previously discussed). 


ds, = hydx,, ds. = hedre, ds, =h;dz; 


Then, in orthogonal curvilinear coordinates, 


Om : OP . OP 
+ @.. +e 


: Os; r OS8e OS; 


Vo - 


e, dd e, OP , @3 ob 


hy Ox; he Ore hs Or 
\ e; dd (5 
} of 
hy Ox »6) 


fo derive expressions for divergence and curl of any 
vector field A (position) in a way which best shows their 
physical meaning, we start from the integral definitions 
of divergence and curl. 

We use as the volume of integration the volume of the 
small parallelepiped formed by the vectors e,;ds; at any 
point of space and the areas of its sides as small surfaces 
of integration. 

Let us start by finding the divergence of A at a point 
of space x;. From the definition of divergence: 


eA — eda 
(field y, , 7a 
vector) (surface 


vector) 





e,A,—]| "> -e doa; 
(A; 

(field (surface 
vector vector) 


Fig. 15—Differential volume and surface elements in orth- 
ogonal curvilinear coordinates. The coordinates of point B (top) 
are: (x, + dx,), (x, + dx,), (x, + dx,), and of point A are 
t,, x, and x,. The field and surface vectors for e., one of 
the three directions, are shown in the lower diagram. 


106 


l i 
4-A-= ‘ds; ds, A ee wa 


surface 
bounding 
ds; ds» ds 


In Eq (57), ds,ds.ds, represents the infinitesimal volume 
element considered; da is the surface element. With unit 
vector n normal to da, nda represents, as before, the vector 
surface element in the integrand. We now have to carry 
out the surface integration in the numerator of Eq (57). 
Let 


A= eA, 4 eA; + e;A; (58) 


The elementary areas of the faces normal to e,, e., e, are, 
respectively: 
da, = dseds; = heh3dredz; 


daz = ds;ds,; = hshids,dr, (59) 
da; = ds,dsy = hyhodz,dre 


We must now take into account the increments of A,da,, 
A.da.,, and A.da, corresponding to the increases of the 
coordinates from x, to x, + dx,, from x, to x, + dx, and 
from x, to x, + dx,, respectively, since it will be these 
increments which will form the value of the integral 


¢ A-da 


bounding 
ds; ds, ds 


as is made clear by Fig. 15. The lower part of this figure 
shows that, for every direction e; as indicated, the con- 


tribution to 
g A- da 


s 
is: from the upper face: A,’ da,’ 
from the lower face: — A; da; 


total: A,’ da;’ — A; da; 


where the primes denote increased values of A; and da 
But, since 
(A jda;) 

dr; 


1,'da,' a. 
Or; 


A,da; 
the contribution to A-da 


OCA ;da;) is 


Ox; 


~" 0(A,da,) es 


Or; 


for the direction e; is: 


‘ 


and A-da 


s 
S bounding 
ds; ds; ds; 


From Eqs (57) and (59): 


l a 
A-A pe end (Ajhohgdredr;)dr, + 
= (Ash;hidx;dz,) dre 4 = (Ashyhedz,dz2) tn | (60) 
OL2 Or; 
Since 
dsjdseds; = hyhehydr,dridr; (61) 
oa = 1 [Atala | Asam), Adah] 65) 
hiyhohs Or; OL2 OL; 
For rectangular coordinates, h, = h, = h, = 1, and Eq 


(62) gives the well known expression for vy + A in a 
rectangular system. 
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Let us now find the value of vy x A in a similar m: Rotation of indices 


ad Unit 
ner from the definition: vectors : 


A-tdl 
, x A li : 
n:-(V ) a. AS 


C bounding 
AS 


We shall suppose AS to be represented by da; of Fig. 15, 
while e; will represent the unit normal vector n in Eq (57). 
Thus, 


‘WxM=— A-tdl 


$; ds, 


C bourding 


ds; ds, 
The direction of e; may be that of e,, e., or e,, as required, 
without change of reasoning. Subscripts j and k denote 
rotation of coordinates as shown in Fig. 16 in tabular 
form. The point is that 


e,: (Vv xX A) = (Vv X A) 


represents the magnitude of the component of V XK A 
in the direction e;, and we wish to calculate three such 
magnitudes in the three directions e,, e., e, in order to 
determine vy X A completely. Thus, we find the value of 


A-tdl Fig. 17—Cylindrical coordinates. 


C bounding 
ds; dst 


is, from Fig. 16, A ,‘ds;’ = Ajds; + d(Ajds;) = A;ds; + dA ids; dry, ele 


OL’ 


$ A+tdl = Ajds; + Ax'ds,’ — A;'ds;' — Ads, Carrying out the operation in Eq (64), 


( bneding (7 X A), k tides) 4, (A jd isi) 4 te a 


Or ; Or, 
where the primed values represent the increased values 
of the products as the result of infinitesimal coordinate _ 1 | Ashe) _ dA shi) 
change. Thus: hjhy or Ore 


Table Ill — Vector Operations in Cylindrical and Spherical Coordinates 


| 
Rectangular system Cylindrical system Spherical system 
Xi, Xo, X3 |- — ein 
coordinates} xX,¥,Z r, 9, Zz r, 6,9 


Elemen- 
tary arcs: 
ds; 7 dr 
ds» a, rdé 
ds , , r sin 0d¢ 
h 1 1 
hy r r 
h; r sin 6 


Gradient: a.) / af , ‘ ‘ ( 1 dy 1 oY 
l 4 TY i-: +- @» - tT @o a T @3 : ’ 
v¥ - J : r 06 rsin@ d¢ 


Diverg- 1 6( Ag sin 6) 
r sin 6 00 


r sin 6 
Curl A: : “83 - : A ; 0 a 0 
vxXA 5 30 de 


rAg (r sin @)Ay 


Laplacian: 92 2 : om) Ay 2 7 6 4 . ow 1 ay 
vy | *y ti a ene Smee ty : r- + 7 de! +—- vw = P é r= . sin 6 j : + 
2 2 2 2 F 2 


r’sin@ 00 r’sin’6 d¢* 


JUNE 1961 








The three components obtained by taking i = 1, 2, 3 can 
conveniently be displayed in the form of a determinant: 


e, e. e:, 
hohs hshy hyhe 
v > A 2 2 2 (65) 
or; OL2 OL; 
Ahly Ash» 1,h; 


We now specialize the above results to two very important 
systems—namely, cylindrical and spherical coordinates. 
e For cylindrical coordinates, Fig. 17: 


mn=Pr ds; = dr h, =1 
mR=¢ ds, = rdy ha=r 
=2 ds, = dz de | 
e For spherical coordinates, Fig. 18: 
m1=P ds, = dr h =1 
tz = 0 ds, = rd@ he=r 
3z=¢ ds, = r sin 6d¢ h; = rsin 6 





x Fig. 18—Spherical coordinates. 


Table III (previous page) shows the tabulation of results 
for the above two systems. 


Time-Variable Vector Fields 
Application of Vector Caleulus to Electromagnetic Wave Theory 


In practice, we consider time-varying vector fields much 
more frequently than stationary vector fields. As the name 
implies, time-varying vector fields are fields whose com- 
ponents are functions of time. In general, we suppose 
these components to be harmonically-varying functions 
of time, or sine-waves of angular frequency . Should 
we need to treat non-sinusoidal functions of time, we 
can use Fourier series to represent a periodic function 
of time as a sum of its harmonics, and use a Fourier 
integral to represent an aperiodic function as an integral 
over a continuous set of spectral terms. Further operations 
with such vector fields are admissible—at least theo- 
retically—subject to the stipulations that the medium be 
linear and each component obey the principle of super- 
position. We may thus, for example, represent the vector 
E as a function of time in either trigonometric or phasor 
(complex) form: 


E(!) = iF, cos(wt + az) + jE, cos(wt + ay) + 
kE, cos(wt + a-) (66) 
E(/) = iF, exp j(wt + a.) + jE, exp j(ot + a,) 4 
kE, exp j(wt + a.) (67) 


All the vector operations may be applied to such fields, 
treating the unit vectors and the components E,, E,, E, 
as independent of time. 

Maxwell’s field equations are the basic laws of elec- 
tromagnetic theory. They are a mathematical statement 
of the relations which must hold among the time-depend- 
ent vector fields E, B, etc. (6) 


Maxwell's Equations 


Table IV contains Maxwell’s equations in their differ- 
ential and integral forms, and also states the particular 
law of vector analysis which is used in converting one 
form into the other. Note the following: 


1. A stationary magnetic field is generated by a constant- 
current density vector 


_ oD 
r= 34+ 


= J T Ip 
where J,, is the conduction current density and J,, the displace- 
ment current density. 

H will vary harmonically for harmonic variation of D in 
the absence of J,. This equation is a generalization of Ampére’s 
law and the law of Biot-Savart. 
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2. This equation is a generalization of Faraday’s law, and 
illustrates Lenz’s rule in vector form. It also means that the 
field E, in the presence of a time-varying magnetic field, ceases 
to be conservative (v k E + 0). 

3. This equation shows that the electric field is lamellar and 
that the physical significance of the vector D, which is con- 
venient for computation, is that it is generated by a free charge 
distribution in space. 

4. The magnetic field is solenoidal. We assume that there 
are no free “magnetic charges.” 


By means of the vector identities previously given, it 
may be shown directly that both vectors E and H satisfy 
the vector equations of wave motion: 


Table IV —Maxwell’s Equations in Differential 
and Integral Forms, and Conversion Methods 


Eq | Differential form | 


| 


Integral form 


peinaeniaes ; 


aD 








lijivxH=-—d4+Jd H - tdi = 
ot 
C bounding S 
ID 
{(3 += ) *ndS 
. ot 
(Stokes’ law 
| t = unit vector, tangential 
| m = unit vector, normal 
IB 0B 
2.| VXE ~ Etat - f - -ndS 
ot . ot 
C bounding S 
(Stokes’ law, as above) 
| 
3. v:-D p D - ndS = [ sav 
N JV 
S bounding V 
(Gauss’ law or divergence theorem) 
4 v:B 0 


$ B - ndS = 0 


« 
S bounding V 


(Divergence theorem ) 
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S YE ‘ ?H 
WE = pes and V’H = ue 5 


68 
ae (6 ) 


in a non-dissipative, homogeneous, linear, isotropic medi- 
um not containing free charges. (6) 

In electromagnetic theory, in order to find E and H, 
we frequently use auxiliary vectors; it can be proved that 
these vectors satisfy the wave equation. (7, 8) Of these, 
the vector potential A is the most frequently used. Since 
v * B = 0 by Maxwell’s equation 4 (Table IV), B can 
be expressed as the curl of another vector: 


B=culA=vV XA (69) 


We define the vector potential A by the equation: 


A(r) = f ae, dV" 
ve! 


The scalar potential ® satisfies the equation: 


0 
g<.2 


— Tb 
al ’ 


(Note that, from Eq (2), Table IV, 


Vv X (2 oF *) = 0 


which is consistent with the identity 
v7 XVve=0 


In Eq (70) above, the vector potential A at r is formed 
from the known vector field of current density J(r’). The 
integral, Eq (70), is evaluated over the entire region of 
existence of the field J. The position vector of this region 
is denoted by r’, which is the variable of integration of 
Eq (70). (8) 

In the presence of conductance o such that 


Jc = oE (72 
the wave equation is suitably modified. (9) The equation 


?E 

2E = < 
Vv ns oe 

becomes, when written out in detail, 


oO 


at? (if, + j£, + kE, - 


ee a , i ik iE kE 
Ox , oy’ o Oz" ( ve TT Uy TF v2) 
@E, , ky, fk, 
— (: oe ti oe + oe ) 


(vk, + jk, + kv’?E, 


(V - VE = ne 


rE ee 2 i 
= five ——* + Jue —" + keye —— 7: 
” 0e ; jue ot ; eis ee ( 3) 
This last equation is satisfied only if each of the three 
component equations is satisfied: 


CE; 


VE pe an 


(74) 
where i= x, y, z. 

Each Eq (74) is a scalar differential equation whose 
solution is a scalar field E;(r, t) which is a function of 
position and time. 

Similarly, we could talk of the scalars H; or A; or, in 
general, of any scalar field ®(r, 1) which varies with time. 
Let us now consider the solution of 


1 a(r, ) 


p(r, 1) = 75 
V(r, 1) =~ aR (75) 
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If we assume harmonic variation of ® with time, we may 
express the solution in phasor form: 


&(r, 1) = &(r) exp jul 


2 
va(r, ) = — —H(r) exp jut (76) 


or, setting k = w/v, 

V’h(r, 1) = k°&(r, f) (77) 
One solution, which can be verified by direct substitution 
in Eq (75), is: 


&,(r, ) = *, exp j(wl — kiz — kyy — kz) (78a) 


Another one is: 

,(r, t) = Po exp j(wl + kit + kyy + k,z) (78b) 
if, in either case, kK? = k,? + k,? + k,*. A linear com- 
bination of ,(r,t) and ©®,(r,f) is also a solution. The 
constants of the general solution may be determined from 


the boundary conditions. 
We define the vector k,: 
kp = ik, + jk, + kk, (79) 
and, remembering that 
r=ir+jy+k: (80) 
we may write the general solution in the form: 

@(r, 1) = 2, exp j(wl — k - r) + & exp j(wt + k - r) (81) 
The function ®(r,f) is thus periodic in space, as well as 
in time. We infer that ®(r,t) represents wave motion; in 
general, there may be two waves—one progressing in the 
direction of kp, the other in the direction of negative Kp. 
The negative kp corresponds to progress in the forward 
direction. The magnitude of kp is frequently designated 
by the symbol 8; these symbols are related to the wave- 
length \ and the angular frequency w by: 


p= |kp| == * (82) 


The wave equation in the form of Eq (75) applies to 
a non-dispersive medium. This means that if the wave 
is generated by a non-harmonic signal, its shape in time 
does not change with distance, as we now show. If: 


n=co 


(0, 1) = y , exp j(nwt + an) 


n 


namo 


= \ Pro exp j(nwl + an + Kp, - vr) (84) 
ae 


(85) 


then P(r, 1) = y te, 2exp J(nwl — an = nkp; - r) (86) 
omen! 


n= 


From Eq (86), we see that the additional phaseshift 
(nkp, * r) is proportional to the frequency; thus, the shapes 
of (0,1) and ®(constant, f) are identical. 

It is well known from electrodynamics that the direction 
kp is the direction of propagation of the electromagnetic 
wave. 

If a plane electromagnetic wave propagates in a certain 
direction, it does not contain components in this direction 
This is not a property of every time-variable electric or 
magnetic field. The plane wave will, however, serve well 
as an example for the introduction of the important con- 
cept of polarization, which is necessary to the under- 
standing of time-variable vector fields. 








1) x=0 
: 
E (0,0) 
O—y E(x,/) = £ (0,0) 
x ~ 
rections of y(0,0)=5 ify 0,0) +k£&,(0 0) 
oordinotes - 





E(x.r E Afr 
j& (0,47)+kE(0, Ar) 
Rains ockwise 
wove approaching Fig. 19—Determination of direc- 
Left-hand polarization tion of polarization with respect 
IRE standards to direction of wave propagation. 


For a plane wave, we may always select one of the 
cartesian axes in the direction of propagation—for ex- 
ample, x. The wave then has two components—E,(t) and 
E.(t)—both propagating with the same phase constant: 


p=. (87) 


which is a scalar. The wave motion may then be described 
(for example, in terms of the vector E) by: 


E = jE, cos(wl + a, — Br) + kE. cos(wl + a, — Br) (88) 


for the wave progressing in the positive direction x. 

In phasor notation the symbol “exp j” replaces “cos” 
in Eq (88), but always should be understood as “Re exp 
j,”’ as is customary for phasor notation. 

The minus sign before the term 8x indicates propagation 
of the wave in the direction of positive x if the term of 
has a positive sign. If wf and Bx have the same sign, the 
wave propagates in the direction of negative x. 

Closer examination of Eq (88) reveals that if the 
components of E are sine-wave functions of time for 
fixed x, this does not necessarily imply that |E| is a sine- 
wave function. 

Realizing that |E(t) 


E(/) = 


Vv EY? cos*(wt + a, 


is a function of time: 


Bro) + Ef Cos*(wt + a, — Bro) (89) 


we see that |E(t)| is sinusoidal, for fixed x = x, only 
when one of the components vanishes or when a, = ay. 
This last case we call that of linear polarization of the 
vector E. We say that we have elliptical polarization in 
the general case when E, + E, and a, ~ a,. When E, = 
E, and a, = a, +72/2, we have the special case of 
circular polarization. (10) The type of polarization is 
determined by the curve which the “tip” of the vector 
E(x,,f) traces in time at a fixed position x,. Depending 
on the relative phases a, and a-,, the direction of elliptical 
or circular polarization may be described as right-handed 
or left-handed polarization. If the tip of the E vector ro- 
tates in the clockwise direction as we look in a direction 
opposite to that of propagation, the polarization is called 
left-handed. (//) This last convention follows the IRE 
Standards cited and differs from the convention fre- 
quently used in physics. Alternatively, we may refer to 
“clockwise polarization, wave approaching” to avoid the 
ambiguity. 


The direction of wave propagation and the direction of 
polarization may be easily determined by plotting the 
vector for time /,, position x,; time f,, position x, + Ax; 
and time ¢, + Af at position x,. For example, the wave: 


E = j5exp j(wt — Br) + k5 exp fot +2 — Br) (90) 


progresses in the direction of positive x (as Fig. 19 illus- 
trates) and is left-circularly polarized. 

In the case of linear polarization, it is always possible 
to rotate the axes until one axis (y or z) corresponds to 
the direction of polarization. This simplifies the mathe- 
matical description of the wave. 

A linearly polarized wave may always be represented 
as the superposition of two circularly polarized waves 
rotating in opposite directions. Thus: 


jexp jolt + ¢ 8r) = 


: I : T 
jrexp j(ut + ¢ — Br) + kSexp j(ol + ¢ +> — Br) 4+ 


_ ~ 


for left circularly polarized wave 


4 : I : cg 
j-exp Jol + ¢ — Br) + k>exp sol + ¢ —>-— Br) (91) 
for right circularly polarized wave 


In the case of elliptical polarization and completely 
arbitrary angles a, and a-., it is convenient to rotate the 
coordinate system around the x axis until the directions 
y and z coincide with the directions of the major and 
minor axes of the ellipse of polarization. The wave equa- 
tion for elliptical polarization written with respect to the 
major and minor axes of the ellipse of the polarization 
is of the form: 

E = jE, exp j(wl + a, — Br) + KE. exp (wl + ay, +> — Br) 

- (92) 
that is, the two components are not necessarily equal in 
magnitude and are shifted in phase by +7/2, the sign 
depending on the direction of rotation. Using an algebraic 
device similar to that used in Eq (91), it would not be 
difficult to prove that an elliptically polarized wave is 
formed by the superposition of a circularly polarized wave 
and a linearly polarized wave. O0O 
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Optimum Shapes for Longitudinal Fins 
Radial Fins of Hyperbolic Profile 


The analysis of longitudinal fins is con- 
tinued, to consider best shapes for maxi- 
mum heat transfer and for minimum fin 
material. Optimizing design methods are 
developed, and basic shapes evaluated 
for efficiency. The radial fin of hyper- 
bolic profile is analyzed and compared 
with the rectangular form. 


ALLAN D. KRAUS 
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For CONSIDERING optimum dimensions of the longitudinal 
fins of triangular and inverse (concave) parabolic pro- 
file, our procedure will be to express the heat flow 
through the base in terms of an arbitrary parameter B, 
which in turn is a function of the base fin width. This 
heat-flow expression can then be differentiated with re- 
spect to 8 and set equal to zero. The solution for 8 is 
the optimum value of this parameter from which the 
optimum values of fin width § and fin height b can be 
determined. 


Longitudinal Fin of Triangular Profile* 
The heat flow through the base is: 


2h0.1,(2mb) 


= m1,(2mb) (84)t 


* Refer to Fig. 11 in Part 3 of this Series. 
¢ Figures, equations and tables are numbered in sequence through this series. 
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Define f; as 


B, = 2mb = 2 2h b 
ké, 


Because the profile area is A, == 8,6/2, we may express 
8; in terms of the profile area and base width as 


2h 2A 2h\'" > aay 
a = aque oot om A ~ 
24/24 gen 44 (FE) (a) 


and the fin width is seen to be 


Be 


9 1/24 2/8 
ua (4) 
i=) —— (85) 


Equation (85), when substituted into the heat flow 
relationship of Eq (84), will yield 
_ _2hO. T,(2mb) 


qo 
2h 

_—. 9 

ki, I.(2mb) 


— 
= ¥ 2hké; 6, “I,(2mb) 


4A ( oh y" 1/3 
Ap 
= (2hk)'" 6, 4 . k 3 TB) 


Bz T(B:) 


ai _, » 1B: 
= [4A,(2h)*k]!? 0,8,72 83 
Seen OTS 


Differentiating Eq (86) with respect to 8; and setting 
the result equal to zero, 


& - . {ls p(2hyPk}'* 6,857 p18) } 


(86) 


dp, dB, 1.481) 


ie, tere: 
TB, [ 6 "Gy | _ 
or 


d [8.7"E(8,) 7) _ 


dB T.(B:) 


rao) 2 1p) + 6-*"| F106) + 1X8) | > 
BIB.) = 0 


and hence, 








2 TAB dB) _ 
3 Bs 


A trial-and-error solution of Eq (87) yields a real 
root at £,;=—= 2.6188, which fixes the optimum base 
width as 


{ 2h \12 728 
1A, (+") 1/8 
=| poms — | = 1am[ ae (FE) ] > om 


T.(8:)148:) + T,(8:) (87) 


2.6188 
and the optimum fin height as 


2A, - Ayk - ‘ 
= <P? =]! aa ) 
b 5, 1.506 ( oh ) (89) 


Longitudinal Fin of Inverse (Concave) 
Parabolic Profile 


The identical procedure is followed in the case of the 
inverse parabolic fin. Again, we begin with the heat 
flow through the base: 


kb,6 — 
Jo = = [ -1 +VY¥1+ Ginby | (90) 
«OD . 
and we now define the parameter 8, as 


Bp = mb \/ 


In this case, the profile area is 


2h 
ki, b 


5,b 


A, = 3 


and 8,, in terms of the profile area and base width, is 


_ fsa, _, €; ra ha 
By = /2 de —34,(4t) (a) (91) 


The fin width is seen to be 


3A, ( ” 7 2/3 
&, =] - : 


Dp 


— 


Substituting the fin width into the heat-flow rela- 
tionship, Eq (90), 


k0,5;? ' / > 
sa —~1+V1+ Qmb) 
GV 6A, [ 1 v t- ( mby | 


3 


» 1/2 af 
is 34, (=) 
—| - . [- +¥1+ 48; | 


6A, 


Nomenclature* 


M = transformed fin performance factor 
R, = a transformed variable 
R, = transformed variable 
w — weight, lb 
8 = an optimization parameter 
y = specific weight, lb/cu ft 
¥ = combination of modified Bessel functions 


* The reader is referred to Part 1 of this series, February 1961, 
p 73; Part 2, March a? 95; and Part 3, April 1961, p 129, 
for the earlier lists of nology. 


1/2, 4/3 


k6, 2h - 
= tA [ 34. (+) | | [-1+a+ 48,”)'!2] (92) 
f Pp 


Differentiating Eq (92) with respect to 8, and setting 
the result equal to zero, 


‘a oS 8. a 
—a oT 


= —26,7" [1 + (1 +-46,2)'4] + 


+ ae 86» = 0 


9 P a + 48,%)'?2 


After simplification, this yields the quadratic equation 
By? == 2, which has a positive root at B, = \/2. The 
optimum base width is therefore 


B 2h \1 Ps 7 
a 4-6 : ) = 1.651| 4, (2 e (93) 
0; = V = = o Alp k ) ‘ 


& _ 


and the optimum fin height is 


p = 242 _ 1 917 (55) (94) 


5, 2h 


The foregoing optimum dimensions may be compared 
with those of the longitudinal fin of rectangular profile 
already derived: 


oha o'" 
5 = 0.791 [Ae] (95) 


and 


b = “ = 1.262 | (96) 


2h 


Example 


A surface is to be fitted with longitudinal fins of 
aluminum, k = 117 Btu/ft-hr-deg F and specific weight 
y = 169 lb/cu ft. The fins are to dissipate heat to an 
environment where the heat-transfer coefficient is 110 
Btu/sq ft-hr-deg F. If the maximum weight of each linear 
foot of fin is to be 0.025 lb, determine the optimum 
dimensions of a fin of triangular and inverse parabolic 
profile for this application. Compare the efficiencies for 
these fins. 

Maximum permissible profile area, either fin 


w 0.025 


A, = Ly 1469) 


= 0.000148 sq ft 


Profile Dimensions 


@ (a) Triangular profile: 


9 1/3 
1.328 [4 ( +) | 








61 = 
1/3 
d —4)2(9 ) 
= 1,328 | (1-48 X 10 “)X2)210) 
117 
= 0.00457 ft = 0.055 in. 
b _ 2Ay _ 2(0.000148) 


& 0.00457 
0.0646 ft = 0.776 in. 
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@ (b) Inverse parabolic profile: 


& = 1.651 [ 4" (2) ] 


= 1.651 (3.45 X 107%) = 0.0057 ft = 0.0685 in. 


3A,> 3(0.000148) ‘i 
o= = _-= 77 = (0.9 ° 
> 5, 00037 0.0778 ft = 0.934 in 


1/3 


Efficiency Comparison 


@ (a) Triangular profile: 


<i oa / 2010) are on 28 
m=) hs, ~V 11700.00457) ~ V 411 = 20.25 
mb = 20.25(0.0646) = 1.311 

2mb = 2.622 


1 h@mb) _ 1 (2.8068) _ 0.592 


~ mb I,(2mb) 1.311 (3.6145) 


Inverse parabolic profile: 


kb, 117(0.0057) | 
mb = 18.1 (0.0778) = 1.41 


2mb = 2.82 


m -\/ zh 4/ 2(110) ae Vv 329.6 = 18. 


9 9 


~ 14V¥14 my 14+V14+@.82)" 
9 9 9 


z 1+~7v 8.96 ~14+2.98 3.98 


= 0.502 


The foregoing example demonstrates the markedly lower 
efficiency of the parabolic profile. 


Longitudinal Fin of Least Material 


All of the temperature-excess relationships, base heat 
flows, and efficiencies considered have been based on 
the general differential equation 


- d’9 > U(x) dé a 2h 
ska t+ ae de hk? 


(97) 
The question logically arises for what profile function 
the profile area 


A. = 3 [ fz) de 
becomes a minimum so that the fin requires the least 
amount of material. 

Suppose we consider a fin which is perfectly insulated 
on its faces and which is conducting heat q along its 
longitudinal axis. If this fin is of constant cross-section, 
each element is equally effective in conducting heat 
because the specific rate of heat flow (heat flux) is 
constant: 


i a Ue 


Aa A; 


However, if the insulation on the fin face is removed, 
heat will be dissipated from the faces and a constant 
cross section will not yield a constant specific rate of 
heat flow at every point on the fin. Indeed, for a constant 
specific rate of heat flow and, hence, equal effectiveness 
in conducting heat, the cross-sectional area of the fin 
must decrease as a function of distance from the base, 
but in such a manner that the function q/A; is still a 
constant. 

Now, consider the heat flow at any point in a fin of 
any profile: 
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dé 


vo Ae 


which, when modified, yields 


do —-4 
dr kA; 


For a constant specific rate of heat flow, q;/A; must 
be constant, and since all our analyses have been based 
on a constant thermal conductivity, we observe that 


0 
dx 


= (, (a constant) 


and hence, 6 == C,x + C., which is a linear relationship 
for the temperature excess or temperature distribution 
on the fin. 

The only longitudinal fin that has a linear temperature 
distribution is the inverse (concave) parabolic fin, where 
the temperature excess is given by 


6 = 6, ( zy" (P, = 1) (98) 


The inverse parabolic fin is therefore a fin of least 
material only under the condition that P, = 1. Note 
also that, for this condition, 

Se er AT 
P, =e ~ 2 ] +- (2mb)? = ] 


1 + (2mb)? = 9 
(mb)? 
mb = Vv 2 (99) 


which corresponds to an efficiency of 50 per cent. 

In summary, the inverse parabolic fin is the fin of 
least material when the temperature distribution is linear 
(P, = 1) and when mb = v2, corresponding to an 
efficiency of 50 per cent. 


Comparison of Longitudinal Fins 


Longitudinal fins of rectangular, triangular and inverse 
parabolic profile can be compared to determine which 
profile requires the least profile area for the dissipation of 
a given amount of heat. The comparison is accomplished 
by a substitution of the optimum width into the expres- 
sion for the heat flow through the base in each case. 

For the rectangular profile, we substitute Eq (95) into 


the simplified base heat-flow expression (per unit length) : 
qo = kimé, tanh mb = (2hk)'"5''6, tanh mb (100) 


noting that, for the optimum fin width, mb — 1.4192, 
Hence 


1/31 /2 


9 2 
= (2hk)'” [ 9.791 (Ai) | tanh (1.4192) 
= 1, 26(h?A,k)!'/? 6, 
We 1 [ 1 =] a. (8) 
we Pat. 6 ag We 0. 


The same procedure is now followed for the triangular 
fin. The heat flow through the base of the fin is 


from which 


(101) 


_ 2h6,1\(2mb) 
~ mI2mb) 


T,(2mb) 


= (Phpyiles 1/2 erates A 
(2hk)'!76,1 0, T,(2mb) (102) 


and, substituting Eq (88)—noting that, for the optimum 
width, 2mb = 2.6188: 








Table 1V—Comparison of Three Fin Profiles 





| Equation 


Fin profile Profile area required number 
0.500/q\ | 
Rectangular | Ap =—— a. (101) 
| 
| : =e 
Triangular | wip : =. «: ) | (103) 
hk \ 6, , 
0.327 ° ; a) 
Inverse (concave) A, = at ) (105) 
parabolic h'k ° 





1,(2.6188) 
° 1,(2.6188) 


1.422 (h?A,k)''0 


from which 


: l a eo ts) 
BEL A422 0. Re %e, 


Finally, for the inverse parabolic fin, the heat flow 
through the base is 


(103) 


26,0 j mby?] 

qo= Pe [1 4 VF Gy 
kb,°6, . a3 V eS (2mby") (104) 
6A, 


With mb = \/2 and Eq (93) substituted into Eq (104), 
we have 


9 ké 1 651 (= A,’ 14 | 2 =, 
6A k \ 1+(@v 2) 
1.450 (h?A,k)!" 6 


and 


] ] Go 0.327 fa ‘i 
Ay = 7a li 150 | "i (+) een? 

Equations (101), (103) and (105) give the profile 
area required for the rectangular, triangular and in- 
verse parabolic fins, respectively. The profile area in 
each case is seen to be a function of the cube of the 
base heat flow to temperature-excess ratio q,/@,. These 
profile areas are also shown to be inversely proportional 
to the thermal conductivity of the fin material and to 
the square of the heat-transfer coefficient. 

Three significant conclusions can be obtained from a 
consideration of these equations, which are summarized 
for the reader’s convenience in Table IV. The first con- 
clusion is that, for the same material, environmental 
conditions (heat-transfer coefficient), and ratio of base 
heat flow to base temperature excess, the optimum inverse 
parabolic profile requires only about 65 per cent as much 
material as the optimum rectangular profile. The trian- 
gular profile for identical conditions requires about 69 
per cent as much material as the rectangular profile and 
about 6 per cent more material than the comparable 
inverse parabolic fin. 

The second conclusion concerns the choice of material 
for any particular profile. The equations show that the 
profile area is inversely proportional to the thermal con- 
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ductivity of the fin material. The total weight of the fin 
is proportional to the profile area and to the specific 
weight of the material used. Hence, the weight is directly 
proportional to the specific weight and inversely pro- 
portional to the thermal conductivity. 

Consider, for example, three materials: 


copper: y == 556 lb/cu ft, k = 225 Btu/ft-hr-deg F 
aluminum: y == 169 lb/cu ft, k = 117 Btu/ft-hr-deg F 
steel: y == 453 lb/cu ft, k = 25 Btu/ft-hr-deg F 


For a given heat flow, temperature excess, and heat- 
transfer coefficient, the aluminum fin requires only 
(169) (25) /(453) (117) = 0.08, or 8 per cent as much 
weight as the steel fin. From the same point of view, 
the copper fin requires (556) (25) /(453) (225) == 0.137, 
or 13.7 per cent as much weight as the steel fin, but 
(556) (117) /(169) (225) = 1.71, or 71 per cent more 
weight than the comparable aluminum fin. 

Finally, it is seen that the profile area, and hence 
the fin volume, increases as the cube of the heat flow. 
If it is desired to double the heat flow, one may make 
the choice of using two identical fins or making one fin 
eight times as large. It is obvious that the designer will 
tend to use more short fins rather than few longer ones. 

There is, however, a limit as to the number of fins that 
can be placed on a surface. This limit is posed by the 
characteristics of the convection process, the thickness 
of adjacent boundary layers, and the permissible fluid 
pressure loss. An elaboration on these limits is beyond 
our scope here. The designer should, however, consider 
and be aware of these limitations. 


Radial Fin of Hyperbolic Profile 


The exact analysis and calculation of the temperature 
excess, base heat flow, and efficiency of many of the 
radial-fin profiles present considerable mathematical dif- 
ficulties. The radial fin of hyperbolic profile which we 
shall consider in detail here is relatively simple mathe- 
matically and is interesting because its cross-sectional 
area for heat conduction is constant just as in the case 
of the longitudinal fin of rectangular profile. If a co- 
ordinate system defined as shown in Fig. 15 is proposed, 
one can observe that the conducting area normal to the 
heat-flow path is given by 


fir) = [2fe(r)] [2x7] = Aerf.(r) 


Note, in Fig. 15, that the origin of the coordinate 
system is the center of curvature of the base surface and 
that r is a length coordinate extending in a positive 
direction radially outward from the origin. For the 
hyperbolic profile shown, the profile function is 


flr) - “ 


where C, is a constant. 
Substitution of the profile function into the cross- 
sectional area function indicates that 


C 
f(r) = 4rrf-(r) = ter [ | = 4rC, (a constant) 
The ensuing mathematical analysis will be based on 
these assumptions and limitations: (a) The heat flow 
is steady—i.e., the temperature at any point in the fin 


does not vary with time. (b) The material of the fin 
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is homogeneous and the thermal conductivity of the fin 
is constant. (c) The coefficient of heat transfer is constant 
over the entire face surface of the fin. (d) The tempera- 
ture of the surrounding fluid is uniform. (e) There are 
no tangential temperature gradients around the fin and 
there are no temperature gradients across the width of 
the fin. It is presumed that, in this cylindrical coordinate 
system, the only temperature gradient is in the radial 
direction. This assumes that the height of the fin is great 
when compared to its width. (f) There is no bond re- 
sistance at the base of the fin, and the temperature at 
the base is uniform. (g) There are no heat sources or 
sinks within the fin itself. (h) A negligible amount of 
heat is transferred out of the end of the fin, unless other- 
wise noted. 


Generalized Differential Equation for Radial Fins 


A generalized differential equation for any radial fin 
of arbitrary profile function can be developed by a 
procedure used in connection with the longitudinal fin. 
Here we consider the profile as confined by the two 
symmetrical curves y = f(r) and y = —f.(r) and 
where the difference in heat conducted into the differen- 
tial element at r and that leaving the element at r +- dr is: 


d 16 
q= ap [ keanrd2fur 7 dr 


(106) 

Equation (106) is, of course, for a time-invariant 
(steady-state) system and can be equated to the heat 
leaving the element dr by convection: 


Qc = 2h(2xrrdr)ée (107) 


to yield the heat balance 


dE sekrftr) 2” | dr = 2h(Qardr)o 
dr dr 


' do , dé _ aftr) dé 
' Ee (- dr* + 7) 7 ee ] 


Fig. 15— Terminology and coordinate system, radial fin of 
hyperbolic profile. 
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from which we obtain the generalized differential equation 


ao Slr) dO df(r) do _h, = 9 


Wit Bae oe 


(108) 


Temperature Excess 


For the hyperbolic profile shown in Fig. 15, 
f(r) = & 
: 


and, because f.(r) == §,/2 at r = r,, we observe that 
C, = 68,r,/2 and 


flr) = s 


2r 
whence 


dj{r) _ __ bir 


dr 2r? 
These values, when substituted into Eq (108), will yield 


5iPo d6 2 
2r dr 


Siro dO 
2r? dr 


iro dd ih 


“= ey" 


ao m 
= - — Th = 0 


dr? fe (109) 


as before, 


Sh 


m =V ki 


For simplicity, define 


The general solution to Eq (109) will then be 


9 9 
6 = pil [ oun 3 ( 3 Mr) + Col 17s ( 3 Mr*) | (110)* 


where the arbitrary constants C, and C, are to be evalu- 
ated from the customary boundary conditions 


(re) = Oo 


dé 


dr 
T=Te 


The first of these boundary conditions, when substi- 
tuted into Eq (110), yields 


ame 9 
é, i/o [ Gun (4-Mrs") r Calan (Faron) | (1) 


Use of the second boundary condition requires a 
differentiation of Eq (110). As in the case of the inverse 
parabolic fin, we can make the transformation of variables 
such that 


du 


9 
u =e Mr°2; : = Mrit 


3u \"" 
2M 


= Ay!/3 


* See Appendix G. 
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Fig. 16— Temperature-excess characteristics, two radial fins, 
with h 50 Btu/sq ft-hr-deg F, k 117 Btu/ft-hr-deg F and 
6 5 1/16 in. 


The use of this transformation will yield 


6 du! (Cyl j3 (a) + Cols ()) (110a) 


an equation identical in form to the general solution for 
the temperature excess in the longitudinal fin of parabolic 
profile governed by the profile function y = x”. It will 
be recalled that, in the discussion of this parabolic profile, 
a term-by-term evaluation of J,,;(u) and /_,,;(u) yielded 
the relationships 


d 
Wa’ Th y3 Cu) 
— . 8ud/3 - 14u"!3 
3-2'/8-0!1F(4/3) © 3-27/8-1!T(7/3) v 3-28.2!7(10/3) 
and 
1 
<_ yin] 173 (u) = ul ?J,,3 (u) 
du 
The first of these relationships, when divided by u’”’, 
is seen to be the series expansion for /_.,,(u) : 
d 
= u “ (u) 
u'! 7 
2 8 4 z 10/3 
3 u 3 u . 3 u 
2''3.9!T(4/3) 27/3. '1T(7/3) 2'3/8.217(10/3) 
< 7 
3 u 3 u u 


ite ; 3 
uf ra 3) | 2.2 5 


u ui? y)0/8 
— 33.01nG/3) + 2-1/3) * B0R-2INCT7a) T 
Hence, 
d 
ua!3]y 73 (u) = u?I_9;3 Cu) 
du 
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and the derivative of Eq (110a) is 
=Au! [Cl 9 (u) + 3 (u)] 
in terms of wu and 


dé Ss 2 
an of ‘| cu 2/3 G Vr 


in terms of r. 
The second boundary condition, when substituted into 


this derivative. 
‘) ] 0 


y rf Gl (; Mrs! 
(112) will 


A simultaneous solution of Eqs (111) and 
evaluate 


yields 


(112) 


the arbitrary constants as 


and 


~6l-on G Mrs) 
eG) ioe) 
| bs G Mré ‘ya ; G Mr, ‘) | 


The particular solution for the temperature excess in 
the radial fin of hyperbolic profile is therefore 


9 9 
I; € Mr, ‘) I, G Mr :) 
Ian (5 Mré ‘yi nme Mr ‘) 
r 3 » 


4 A * 5 = (113) 
re = = > 
I; G Mr, yi G Mr ) 
. = 3/2 ee 3/2 
Ee G Mr. yi G Mr, ) 
which is seen to reduce to 6 = 6, when r = fF, as it 


should. 

The foregoing analysis has been based on an adiabatic 
fin tip. A hyperbolic profile will have a finite tip area 
because the profile curve is asymptotic to the fin axis 
normal to the heat-flow path and the fin does not extend 
out to r co. The Harper-Brown corrected outer radius 
can be used here to make the analysis slightly more ac- 
curate. If this is desired, we may substitute r, for r, in 
Eq (113) to give 


es G Mr. ‘) I, G Mr :) 
9 9 
ea (; re ‘) L, G Mr :) 
an ne (13a) 
To/3 G Mr. ‘) Lis € Mr? ‘) — 
i G ae “i : G Mr. ‘) 


a 6.4 / < 
r. 


where 


52 


Pe = le 7 > 


Figure 16 presents a comparison of the temperature 
excess as a function of distance from the base for the 
hyperbolic profile and the simplified solution for the 
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rectangular profile where no end loss is considered. The 
curves are based on a consideration of an aluminum 
fin (k = 117 Btu/ft-hr-deg F) of 1/16 in. width (base 
width in the case of the hyperbolic profile) and inner 
and outer radii of 1 and 2 in., respectively. The fins are 
presumed to be operating in an environment where the 
heat-transfer coefficient is 50 Btu/sq ft-hr-deg F. 


Heat Flow Through Base 


The heat flow through the base is determined from 
Fourier’s Law and the temperature excess relationship 
of Eq (113), the derivative of which is evaluated at 
r =r». We therefore begin with Fourier’s Law in cylin- 
drical coordinates: 


dé 


qo -k2rr,6, a 


and substitute into this Eq (113) to yield 


2rkr,6;- 


i G Mr") i G Mr") e 
Sa G Mrs") Sais G Me*) 


Mrs") — 


I, 1 Mr,*! °) hn (2 


| ita (3 Ur, :) I 10 Mr”) ee 


The indicated differentiation involves merely two 
product terms 
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all other terms being constants. 
The use of the transformation 
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has already shown that 
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We can therefore evaluate the heat flow through the 
base as 


de = —2rkr,.5,6,.Mr''2. 
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Efficiency 


The efficiency of the hyperbolic fin will be the actual 
heat dissipated from its faces, equal, of course, to the 
heat flow through the base as given by Eq (114) divided 
by the ideal dissipation if both faces were to operate 
at the base temperature difference, 0,. The ideal heat 
flow, using the Harper-Brown corrected radius r,, and 
neglecting the minor effects of profile curvature, will be 


“= 2hr(r? 7 To? )0o 
and the efficiency will be given by 
qe _ 2rkrb0.M Vrov 


rie qi ~ Qah(re — reo 
where y represents the combination of modified Bessel 
functions within the brackets in Eq (114). Since 


= 
M -\/ kbire 
sn 
ve mre — Fr, ) (115) 
Equation (115), while being an adequate relationship 
for efficiency of the radial fin of hyperbolic profile, does 
not permit ready comparison to the efficiency of the 
radial fin of rectangular profile. We will find it easier 
to compare the efficiencies of these two fins by means 
of the radius ratio p = r,./r-. To do this, we evaluate 
the profile area of the hyperbolic fin as 


Ay = f ‘QE far) ldr f -) (=) dr 


<= bir. In 1 
‘0 v 
This profile area is now used in the efficiency relation- 
ship of Eq (115). The base thickness, 8,, is evaluated 
in terms of the profile area 
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Then, the terms exclusive of y in Eq (115) can be 
represented by 
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where, as in the case of the radial fin of rectangular 


profile, 
2h 
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The foregoing may be simplified further through the 
use of the radius ratio, p. 


* The natural logarithm is to be denoted as “In” unless otherwise specified. 
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Fig. 17—Comparison of efficiency, radial fins of hyperbolic and 
rectangular profiles. 
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Now let us evaluate 
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in terms of p. Let these be designated R, and R,: 
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Appendix G 


Consider the differential equation 
d’6 : 
adr — M’*ré = 0 (a) 
where 
Af? os 
lo 
This may be compared to the generalized Bessel equa- 
tion 


d pe a 6 


dr 


=r | + (ari + br*)6@ = (b) 


where 
p=0 j=l 
a = —M* k=b= 
If the comparison indicates that p = k + % or b= 0, 
then Eq (a) is reducible to Bessel’s equation and the 

solution will be 

= la (CT ,(or'!*) + C2l_n(wr'!*)] (c) 

if n is not an integer. 
In this case, b = 0, and the definition and evaluation 
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The efficiency for the radial fin of hyperbolic profile 
will be, with all of the foregoing substituted into Eq 


(115), 
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an expression which is a function of only ¢ and p. 

The efficiency of the radial fin of hyperbolic profile 
is shown in Fig. 17 for values of reciprocal radius ratio, 
1/p, of 1.25 and 2.50. These efficiencies may be com- 
pared with those of the radial fin of rectangular profile, 
which are also shown. It can be noted that the hyperbolic 
profile yields a higher efficiency at equal values of ¢. 
This is because equal profile areas and fin heights will 
give a greater proportion of profile area near the base 
in the case of the hyperbolic profile. 
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of the constants a, 8, w and n proceed as follows: 
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The general solution is therefore 
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Reprints “ 
A combined reprint of this five-part series on Ex- ; 
tended Surfaces for Heat Transfer will be made — 


available at nominal cost upon publication of the 
concluding installment. ae 
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ELECTRO-TECHNOLOGY 


Drive Developments Stressed 


at Machine Tool Forum 


Digest of selected papers presented at the 
25th Westinghouse Machine Tool Forum. 
New drives and modifications of others are 
described, along with user experience with 
them. Small relays are evaluated and sys- 


tems implications analyzed. 


LAST YEAR, sophisticated controls highlighted the West- 
inghouse Machine Tool Forum; this year, the 25th Forum 
emphasized drive systems. Little new material was pre- 
sented in the area of numerical control, except for brief 
descriptions of some half-dozen applications of the West- 
inghouse Prodac control systems, some standardization 
activity with respect to programming, plus the economic 
justification of numerical control. As in 1960, the two- 
day sessions were held in Pittsburgh (April 19-20). Over 
400 engineers from machine-tool builder and user plants 
helped Westinghouse celebrate the Silver Anniversary 
of these forums, first held in East Pittsburgh in 1936. 

When the Westinghouse Rectiflow drive* was first in- 
troduced, it was economically limited to speed ranges of 
3:1. By incorporating variable-voltage transformers in 
the secondary a-c circuit, Fig. 1, the drive can now be 
given a 1700- to 0-rpm speed range with continuous speed 
adjustment without increase in rotating frame sizes. The 
standard drive uses fixed resistances which can be cut 
in or out of the secondary circuit. As before, the variable 
a-c secondary voltage is rectified through silicon diodes 
to give d-c armature voltage control from zero to base 
speed. The drive has characteristics similar to a shunt- 
wound d-c motor with a combination of armature and 
field control. In the modified drive, a second variable- 
voltage transformer covers the field range, with constant 
horsepower up to 1700 rpm. In the armature control 
range, for continuous operation, a tapered-horsepower 
output is chosen which permits a minimum of 100 per 
cent full-load torque at 1 rpm and 300 per cent at 565 
rpm base speed, assuming a 3:1 field range for the drive. 


* See “‘A-C Drive Offers System Design Flexibility,"” Erecrno-Tecmnotocy, December 
1960, p 131. 
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In addition, the variable-voltage design gives controlled 
acceleration and deceleration, not previously available, 
plus a simple “creep” function. 

Requirements for a low creep speed for positioning 
made the Rectiflow drive the choice for a new line of 
automotive crankshaft lathes, described by L. M. Boboltz, 
electrical engineer, R. K. LeBlond Machine Tool Com- 
pany. Control features of the drive include reduced- 
voltage starting (in order to limit starting torque) and 
also dynamic braking. Quick slowdown is provided by 
sensing the back-emf of the d-c motor and comparing it 
with the slip voltage of the wound-rotor motor. When 
the back-emf is higher than the slip voltage, the dynamic 
braking resistor is placed across the armature to absorb 
energy, and a smooth slowdown to lower speed is 
achieved. A creep speed is provided by applying reduced 
voltage to the armature. The low-voltage d-c source is 
obtained by feeding the slip rectifiers from a three-phase 
transformer bank, with secondary taps for adjusting 
the creep speed. 

Electronic excitation is used to provide variable speed 
control for constant surface-cutting speeds. The tool in- 
feed cam is coupled to a 40-button rheostat, the wiper 
arm of which is moved from button to button as the 
tools progress from the larger to the smaller work 
diameter. By providing a separate speed reference poten- 
tiometer for each button, any speed within the drive 
range can be selected for any tool position. 

Other drives described by Westinghouse engineers in- 
cluded the MagnaFlow adjustable-speed drive, which 
consists of a squirrel-cage induction motor and a d-c 
electromagnetic coupling. The speed range of these drives 


Adjustable 
transformer 


Fig. 1 — Modified Rectiflow drive with 3-phase adjustable trans- 
former in the a-c secondary circuit. The d-c motor is mechani- 
cally linked to the a-e slip-ring motor. 
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has been extended by attaching a mechanical speed re- 
ducer. A transistor/magnetic-amplifier control replaces 
tubes for the control of this drive, giving more depend- 
able operation and saving space. 

The eddy-current coupling type of drive—the Magna- 
Flow—was named the most popular type of press elec- 
trical drive by R. D. Jordan, chief electrical engineer, 
The Minister Machine Company. He cited as its major 
advantage its ability to run at practically zero speed. 
Enough thermal capacity exists in the drive to allow 
stamping at low speeds to investigate a malfunctioning die. 

Although the speed-torque characteristics of the Magna- 
Flow drive are very flat, it is possible to obtain torque- 
limit control by using a current transformer to sense 
motor current and shutting off excitation to the coupling 
when the current exceeds a preset value. This allows the 
MagnaFlow drive to operate even on slow-geared ma- 
chines with approximately the characteristics of a NEMA 
D motor, wherein the flywheel can slow down to give 
up its energy without reflecting an overload to the drive 
motor. 

In addition, torque-limit control can replace the anti- 
plugging switch on press-drive motors. Plugging a large 
stored-energy flywheel to rest and then reversing its direc- 
tion is an intolerable load on any motor and drive belts. 
Shutting off the eddy-current clutch excitation when 
motor current exceeds the preset maximum allows reversal 
of the motor with the flywheel turning at full speed. 
Torque-limit control will smoothly and safely decelerate 
the wheel to zero speed and accelerate it in the opposite 
direction. 

Excitation of the coupling is by a grid-controlled rec- 
tifier; filament warm-up time is a minor disadvantage. 
Normally, the filaments are not energized until the drive 
motor is running, and an auxiliary time-delay device is 
needed to give reasonable tube life. 

Availability of transistor preamplifier and magnetic- 
amplifier excitation controls is an option which can over- 
come the time delay at starting. Reliability can be ex- 
pected to be better than that of the tube controls. Suscep- 
tibility to shock should be greatly improved. At least 
two press manufacturers offer their own static control. 
Both use silicon-controlled rectifiers for the power circuit. 


Static Converter Drives 

For several years, Westinghouse has been engaged in 
the development of a static inverter drive which appears 
to have potential uses because of its simplicity, inherent 





Fig. 2— Three-phase inverter using Trinistor controlled recti- 
fiers (S,-S.) in switching mode. 
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reliability and flexibility. There exists a need for improved 
adjustable-speed: drives having higher efficiency, wider 
adjustable speed range, more accurate set-point speed 
regulation, lower cost, and lower maintenance require- 
ments. Adjustable-frequency synchronous motors would 
offer considerable promise for achieving these objectives 
if it were not for the limitations imposed by conventional 
motor-alternator-set power supplies. The appearance of 
relatively low-cost, high-power semiconductor switching 
devices has made the development of satisfactory adjust- 
able-frequency power supplies possible. 

The static adjustable-frequency power supplies consist 
of two basic units: a rectifier for converting fixed-fre- 
quency a-c power into d-c power, and an inverter for 
converting the d-c power into a-c power of a wide range 
of frequencies. The frequency of the output voltage is 
dependent only on the frequency of the drive, or gating, 
signals applied to the semiconductor switches and is in- 
dependent of motor load. 

Basically, two types of semiconductor switching devices 
are available—the power transistor and the controlled 
rectifier. The voltage drop across each semiconductor 
switch is of the order of one volt, and this drop is rela- 
tively unaffected by load current. The result is high 
efficiency and good voltage regulation. The energy re- 
quired to operate the semiconductor switches is very 
small and it also is relatively unaffected by load current. 
This makes it possible to construct a frequency reference 
for the inverter which operates at a low power level and 
drives a constant terminal impedance. The output fre- 
quency depends only on the reference frequency, and 
feedback loops involving load conditions are not required. 

A three-phase inverter requires a three-phase drive 
circuit for sequentially gating the semiconductor switches 
at uniformly spaced intervals. A low-power adjustable- 
frequency reference source drives logic circuits consist- 
ing of three pairs of transistor AND gates interconnected 
so that only one pair of gates can be switched for each 
output pulse from the reference source. Each of the three 
pairs of outputs from these gates drives one of the three 
phases of the inverter. The output frequency is exactly 
one-sixth of the frequency of the reference source. 

The inductive nature of motor loads makes it necessary 
for the power source to supply reactive as well as active 
power. By connecting diodes of opposite polarity in par- 
allel with the semiconductor switches, Fig. 2, power can 
flow through the inverter in either direction. The d-c 
power supply must also have means for absorbing power 
when the motor load is overhauling. 

To produce constant motor torque over a wide speed 
range, it is necessary to vary the applied voltage in rough 
proportion to the speed. This can be done by an adjust- 
able transformer which is varied to match the frequency 
setting and which can be connected either between the 
inverter and the motor, or between the primary power 
supply and the rectifier. The output voltage of the d-c 
supply can also be varied with frequency if silicon con- 
trolled rectifiers rather than diodes are used. Saturable 
reactors can also be applied. 

Recently, hysteresis and special hybrid motors have 
become available in the integral-horsepower range. The 
hybrid motor combines the principles of the hysteresis 
and synchronous reluctance motors. The starting cur- 
rents of both types are less than twice the rated current. 
These motors require neither slip rings nor brushes. They 
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are synchronous motors and can accelerate any inertia 
load which they are capable of driving at synchronous 
speed. These motors are consequently ideal for static 
converter drives, whereas squirrei-cage induction motors 
have much too high starting-current transients for the 
semiconductor switches to handle without severe derating. 

Westinghouse has built and tested two static converter 
drives, rated at 9 and 18 kva, using germanium trans- 
istors as the inverter switches. Based on the experience 
gained, a greatly improved transistor converter drive 
rated at 3 kva and a 714-kva controlled rectifier drive 
have been tested successfully. 


Guardistor Motor Applications 


Several examples of Guardistor motor applications 
were cited by Westinghouse speakers to show where in- 
herent motor protection was obtained without sacrificing 
the motor’s built-in work capability. The protection sys- 
tem, announced at the 1960 Forum, employs positive- 
temperature-coefficient thermistors connected in series 
and embedded in the stator windings of a squirrel-cage 
motor prior to varnish impregnation. These semicon- 
ductor devices have a relatively constant resistance up to 
the critical design temperature, when the resistance rises 
tenfold or more during a few degrees rise in temperature. 
The control package contains a low-voltage transformer, 
two silicon diodes, and a normally open d-c relay which 
ties in with the motor starter. 

Early applications were limited to hermetic motors used 
to drive refrigerator compressors. A recent application 
to industrial machinery included a severe reversing duty- 
cycle drive of 75 hp in which 167,473 reversals were 
made in 463 hr of operation. The thermistor protection 
acted 192 times to prevent damaging overheat. Another 
example involved a high-inertia load in which the original 
control equipment consisted of a 3-pole motor starter 
with conventional overload relays plus a 2-pole contactor 
and a magnetic timer which short circuited the starter 
overloads during the accelerating period, Fig. 3. Use of 
inherent overload protection by thermistors eliminated 
the 2-pole contactor and timer and gave full-time pro- 
tection to the motor, besides simplifying the control cir- 
cuit. 

As regards various codes and standards, with respect 
to inherent motor protection, both JIC and NMTBA 
require motors to be protected by “separate overload de- 
vices responsive to motor current, or to both current and 
temperature.” In addition, JIC and NMTBA require that 
short-time rated motors be protected by a thermal over- 
load device mounted in the motor. This device must be 
sensitive to motor temperature or to both temperature 
and current. 

For some time, the NEC has permitted motor running 
over-current protection by means of a thermal protector 
integral with the motor, but approval of each motor- 
protector combination is required. This is impractical 
and often impossible when the great variety of ratings 
and makes of integral-horsepower motors is considered. 
A complete study is now being made by NEMA with re- 
gard to revisions in NEC and UL standards, to cover 
inherent protection in integral-horsepower motors more 
definitely. 


Small Relays for Smaller Panels 


Prior to the conference, a check made among machine- 
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Thermistors 


Fig. 3— Guardistor motor protection applied to high-inertia 
drive. Protective devices encircled with dashed lines were 
eliminated from former system. 


tool designers indicated the need for reduction of 
physical size of control panels and, as a corollary, the 
need for smaller control components. This is a con- 
tinuing demand. At the first Forum, in 1936, it was 
recognized that serious space limitations demanded con- 
trol of the smallest possible dimensions, although at that 
time the outlook for any further marked size reduction 
did not appear too promising. 

In the past year, NEMA BF-size relays have been in- 
troduced. In its exhibits, Westinghouse displayed its BF 
relay, which occupies a panel area of 1 11/16 x 2% 
in. and is rated at 6 amp at 300 volts. There have been 
a few large installations of these relays on transfer lines 
—one in which panel enclosure size was reduced from 
32 to 20 ft, and in another from 28 to 18 ft long by 
using these small relays side by side, with no space 
between them, in place of standard control relays con- 
ventionally mounted. 

The belief that the small relay is the best approach 
in attacking the panel-enclosure growth problem was 
stated by J. Zambrzycki, Engine Manufacturing En- 
gineering, Ford Motor Company. There appears to be 
no good reason for using 600-volt relays with 10- and 
15-amp contacts on 115-volt circuits, as called for by 
present electrical standards, except for the fact that de- 
pendable relays up until now had been designed for 
that service. Ford set 10 X 10° faultless operations on an 
accelerated test as their requirement on small relays. 

Three types of relays have been tested. One is a plug- 
in type with panel space of 2 3/16 x 2 21/32 in. Contact 
configuration is two normally open and two either nor- 
mally open or normally closed contacts of non-reversible 
type. This relay is now on test and looks promising. The 
second relay is a 4- and 8-pole type with several contact 
combinations, from 4 NO to all 4 NC on the 4-pole 
version and from all 8 NO to 4 NO and 4 NC on the 
8-pole type. Contacts are non-reversible. Panel space 
required is 1 11/16 x 34% in. On an accelerated test, 
9 out of 12 relays survived 20 X 10° operations, one 
coil opened at 14.5 X 10° operations, one coil burned 
out at 11 X 10°, and there was one early failure due 
to a lead being cut during mounting. The third concept 
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is a throwaway type equipped with eight contacts. It 
occupies an area of 2 x 234 in. This relay cannot be 
repaired. It is currently under test and also looks promis- 
ing to Ford engineers. 

None of these relays has been subjected to actual 
production runs of the machines they control and none 
is approved for Ford Motor Company use, although some 
panels shipped in with purchased equipment have small 
relays of the second type on the panels. Mr. Zambrzycki 
concluded that small dependable relays for industrial 
applications are within possibilities. Several machine- 
tool engineers questioned the use of No. 14 wire required 
by JIC in relay hookups. Mr. Zambrzycki stated that 
No. 16 wire was acceptable within the control enclosure, 
but not between the enclosure and control devices on 
the machine. 


Programming N.C. Machines 


Some of the steps systems designers have taken to 
make the job of programming a numerically controlled 
machine easier were described by H. Ankeney, manager, 
Electrical Engineering, Giddings & Lewis Machine Tool 
Company. One important step is the development of 
standards to reduce the variations in programming from 


machine to machine. Electronic Industries Association 
(EIA), for example, is working on a standard “manu- 
script” form as an initial step in preparing coded in- 
structions on the EIA standard 1-in.-wide punched tape. 
It may be two years before this standard is issued, but 
many of its principles are already worked out, such as 
a combination of “Tab Sequential and Word Address.” 
An EIA committee has worked out a 3-digit code that 
can cover numbers from 0.0001 to 99,500 for speed and 
feed rates. Nearly all systems being designed today use 
an 8-channel binary-decimal code on 1-in.-wide tape, 
which will soon be covered by an EJA standard (621). 

Mr. Ankeney feels that use of a computer, while not 
necessary for programming positioning and straight-cut 
machines, may be quite practical to simplify program- 
ming and improve interchangeability of work between 
machines of different make. The degree of interchange- 
ability will depend upon conformity of the machines 
with respect to function, capacity, horsepower, geometric 
relationship of spindle axes, etc. Interchangeability is 
only possible between controls arranged for the same 
number of digits before and after the decimal point and 
the presence or absence of algebraic signs in connection 
with positional information. Oooo 








At the request of Westinghouse execu- 
tives, Frank J. Oliver, Editor, Etecrro- 
TECHNOLOGY, sought to measure the 
impact of the Machine Tool Forums 
on the electrical content of machine- 
tool design over the past 25 years. A 
questionnaire was therefore directed to 
former conferees to determine their 
views. Returns from 154 of them were 
broken down as to source into (1) 
machine-tool designers (80 per cent of 
total), and (2) machine-tool users. The 
designer group was found to be about 
equally divided between rating the con- 
tributions of the Forums “substantial” 
and “to some extent.” The user group 
voted higher (53 per cent) for sub- 
stantial than for the lower category. 
Few of either group voted “minor con- 
tribution.” 

In naming specific contributions, 
some 45 per cent of the machine-tool 
people listed the opportunity to obtain 
interpretations of JIC and Machine 


Conferee Feedback 


learning about advanced research work 
than in descriptions and exhibits of 
electrical components and systems. In 
the area of personal communication, 
machine-tool designers gave first place 
to the opportunity to get better ac- 
quainted with fellow machine-tool en- 
gineers. The user group considered the 
opportunity to learn firsthand about 
new Westinghouse products as being 
of greatest value. The opportunity for 
the two groups to meet each other 
ranked third in number of first choices, 
although there was almost complete 
unanimity in assigning second choice 
to the opportunity of meeting with 
Westinghouse design engineers. 

The Forum conferees were also asked 
to rate the caliber of papers presented 
by their own executives and engineers 
and by users of their products. Papers 
from both groups were found to be 
quite helpful to both machine-tool de- 
signers and users. 


i Tool (NMTBA) Electrical Standards Problem Areas. To help Westing- 
from the NMTBA Electrical Committee house people plan future Forums, the 

and JIC representatives. In fact, 61% conferees were asked to name their 
i per cent of both groups rated “very major design problems. Machine-tool 


122 


helpful” the opportunity of hearing the 
JIC viewpoint on electrical-systems de- 
sign standards, as against 30 per cent 
who considered this forum phase only 
moderately helpful. The user group did 
not rate the opportunity to hear the 
NMTBA side nearly as high (50 per 
cent). They gave a higher rating to 
the “open forum” discussions. 

In rating Westinghouse presentations 
on their own developments, the re- 
spondants indicated greater interest in 


designers agreed that systems reliability 
and servicing are the biggest problems. 
To the machine-tool user, the mainten- 
ance problem stood out above reliabil- 
ity, although associated with it. The 
big problem ef the user is obtaining 
and training service electricians quali- 
fied to maintain complex control sys- 
tems. To the machine builder, it is de- 
signing for minimum and predictable 
maintenance and ease in replacement 
of faulty parts. 

The appearance of the numerical con- 


trol (N.C.) systems supplier is affect- 
ing the activities and responsibilities 
of machine-tool electrical-design engi- 
neers. The systems designer, in many 
cases not previously identified with the 
machine-tool industry, has much to say 
about engineering the marriage between 
machine and N.C. The systems designer 
often will control component specifica- 
tion and, to a considerable extent, in- 
fluence machine design. Some old-time 
“electricals” fear that the systems sup- 
plier may replace his activities—par- 
ticularly specification responsibility— 
except for liaison work. Others feel that 
the advent of N.C. has increased the 
responsibility of the electrical-engineer- 
ing department. Many agree that they 
need to acquire systems know-how, to 
become real servo engineers, and that 
it is necessary to review engineering 
principles and do some home study. 
Engineering departments are being 
reorganized to meet this new challenge. 
Many machine-tool builders have added 
engineers experienced in electronic and 
design. Several have adopted 
training programs for senior designers 
in both these areas. An _ increasing 
number of engineers with an electronics 
background is needed, also specialists 
in numerical control divorced from 
routine “electrical-engineering” work. 
Combination electromechanical or elec- 
trohydraulic design groups have been 
formed, replacing independent engineer- 
ing sections. It is obvious that the 
mechanical aspects of design cannot 
from the electrical in 


servo 


be separated 


servo systems. 
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Effects of Corona 
on Vinyl Electrical Tape 


© Corona resistance of vinyl electrical tape 
is shown to depend on electric stress, me- 
chanical elongation, humidity, type of elec- 


trode and specimen geometry. 


® Conductive residues are found on the 


surface after exposure to the discharge. 


© The variable conductivity of these resi- 
dues accounts in part for the dependence of 


the location of breakdown on test conditions. 


© Tests in a dry atmosphere are least sub- 
ject to extraneous factors and give the best 


measure of intrinsic resistance to corona. 


MURRAY OLYPHANT, JR. 

Electrical Products Laboratory 

MINNESOTA MINING AND MANUFACTURING Co. 
St. Paul, Minnesota 


VINYL COMPOUNDS AND TAPES have generally been over- 
looked in investigations of corona resistance (1-8)* de- 
spite the growing number of important applications of 
these insulating materials where corona conditions are 
encountered. A three-pronged research program has 
therefore been initiated with these objectives: 


1. to obtain meaningful data on comparative long-time 
corona resistance 

2. to determine the effect of gaps and laps on resistance 
to corona, and 

3. to determine the chemical and physical mechanisms of 
corona failure. 


This study is still in progress. Some instructive and 
unexpected findings have already been made. The present 
interim report deals with: 

1. corona resistance as a function of electric stress, humid- 
ity and type of electrodes 

2. effect of lap geometry on time to failure, and 

3. variation in surface resistivity of eroded specimens and 
its effect determining the location of breakdown. 


* Italic numerals in parentheses refer to Cited References at end of article. 
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Effect of Test Conditions 


e@ Test Method. In order to eliminate air pockets under 
the specimen, 2-in. squares of tape were adhered to 
114-in. foil lower electrodes. Two types of upper elec- 
trode were used: 

1. A 14-in. diam x %-in. long Type 309 stainless elec- 
trode with rounded edge as specified in the Suggested 
ASTM Method for Corona Resistance, or 

2. A 1%4-in. diam Type 302 stainless ball. 

Test voltage was applied through individual 10-ma 
breaker circuits which disconnected each specimen at 
failure and shut off its timer. Humidity was controlled 
by (a) conducting tests in a constant-humidity room, 
or (b) pumping air through a desiccant or saturated salt 
solutions into the sealed test cabinet. At least three speci- 
mens were tested under each condition. 

@ Results. The corona resistance of a standard 10-mil 
vinyl tape as a function of voltage gradient is shown 
in Fig. 1. (The average of 3 to 5 values is shown. In most 
cases, the coefficient of variation is less than 25 per cent. 
This may be considered high, but the effective uncer- 
tainty is minimized on a log time scale.) The data, still 
incomplete, show that: 

1. Corona resistance increases with increasing humidity. 

2. The ratio of humid to dry failure time increases with 
decreasing voltage. 
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Fig. 1—Corona resistance of 10-mil vinyl tape (Scotch-brand 
No. 22) as a function of voltage stress with ASTM and ball 
electrodes, in a dry atmosphere and at 50 per cent RH. Points 
for tape tested with a ball electrode at 100 per cent elongation 
are shown for 300 vpm, dry and at 50 per cent RH. Comparative 


data for experimental vinyl tape and for polyethylene are also 
shown. 
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Fig. 2—Surface appearance of (a) vinyl and (b) polyethylene 
tapes after failure under corona at 50 per cent RH with ball 
electrode: (a) failure after 248 hr at 400 vpm, 100 per cent 
elongation, showing highly eroded region and breakdown at 
intermediate distance from electrode contact (black spot in 
center), stratified layers of residue at greater distance; (b) 


3. Ball electrodes give somewhat longer time to failure 
at high stresses than ASTM electrodes. 

4. One hundred per cent elongation reduces the time to 
failure at 300 vpm by a factor of five or less for both humid 
and dry conditions. 


Points from the data of McMahon, Maloney and Per- 
kins (1) obtained for pure polyethylene film at 200 vpm 
are shown in Fig. 1 for comparison at several different 
elongations at 50 per cent RH and also for 50 per cent 
elongation at 5 per cent RH. Data obtained for a com- 
mercial polyethylene-base, pressure-sensitive tape are 
plotted for 67 per cent elongation. The vinyl tape ap- 
pears much less sensitive to mechanical elongation than 
polyethylene. Figure 2 compares the visible effects of 
corona on the vinyl and polyethylene tapes tested under 
elongation at 50 per cent RH. 

The possible effects of resin compounding in improv- 
ing corona resistance are also shown in Fig. 1 for an 
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Fig. 3—Variation of corona resistance of vinyl tape with butt- 
lap spacing (see text). Typical lap configurations are also shown. 
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failure after about 25 hr at 300 vpm, 67 per cent elongation, 
showing uniform deposit of crystalline residue (believed to be 
oxalic acid), surface-crazing cracks found in discharge region 
only, failure at intermediate distance (upper left) from elec- 
trode contact and partial failure (lower right). Magnification 
is the same for (a) and (b). 


experimental vinyl tape at 50 per cent RH. Comparable 
performance under dry conditions is indicated by tests 
now in progress. Conversely, other vinyl tapes may have 
considerably poorer resistance to corona than a standard 
product. A comparison of the curves for the standard 
and experimental tapes illustrztes again that long-time 
corona resistance cannot be estimated from short-time 
tests at high voltage. 

e@ Comparison of Electrodes. The ASTM rounded-edge, 
stainless-steel electrode has been found quite satisfactory 
for tests on polyethylene and certain other materials. 
However, pitting can occur in tests on vinyl. Although 
stainless steel has good resistance to nitric acid formed 
in the corona discharge, it has poor resistance to the 
chlorides produced by resin decomposition when corona 
discharge occurs. Consequently, the ASTM electrodes 
must be frequently reground when used with vinyl tape. 
(The importance of reconditioning electrodes after tests is 
shown by the fact that test values were increased by a 
factor of ten after careful repolishing. ) 

Stainless balls, although also subject to pitting, are 
inexpensive and, hence, expendable. Breakdowns with 
ball electrodes have invariably been found outside the 
area of contact with the ball. With ASTM electrodes, 
failures under the electrode are common. A more uni- 
form discharge and a somewhat longer time to failure 
are provided by the ball electrodes. However, it has been 
found that by increasing the weight on the ASTM elec- 
trode to 100 gm, the contact with the tape is improved 
and the time to failure can be increased. The same effect 
was found by McMahon, et al. (1) 


Effect of Lap Geometry 


Several configurations of laps have been investigated 
using ASTM electrodes. The constructions are shown in 
Fig. 3. A preliminary test at 6 kv gave the following 
comparative times to failure (median of three values). 


a. 14-in. hole in bottom layer, 7.6 min 
b. half-lap, 552 min 
c. butt-lap, about 1 mm (40-mil) gap, 1102 min. 
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Fig. 4—Erosion patterns on butt-lapped specimens of vinyl tape: 
(a) 1.5 mm spacing, 770 min to failure under edge of electrodes 


Further experiments were carried out to determine the 
effect of the butt-lap gap spacing. The results shown in Fig. 
3 are for specimens from two rolls of tape with different 
histories. For comparison, two single-lap specimens failed 
at 580 min and 474 min. Not only is the time-to-failure 
a function of the gap spacing, but so also is the location 
of breakdown. Breakdowns occurred either: (1) under 
the edge of the electrode, passing from the corner of the 
gap at an angle through the bottom layer, Fig. 4(a); or 
(2) centrally under the electrode, separated from the 
edge of the gap and passing perpendicularly through the 


bottom layer, Fig. 4(b). Breakdowns at the edge of the 
electrode are denoted by E in Fig. 3. Note that, at large 
gap spacings, the failures occur under the electrode and 
the time-to-failure is relatively insensitive to spacing. Re- 
sistance to corona reaches a maximum for a spacing in 


the order of 1 mm (40 mils) and falls for still smaller 


Butt-lapped , |.2 mm gap, 50% RH 
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(not shown); (b) 2.7 mm spacing, 165 min to failure under 
electrode. 


gaps. At present, these findings apply only to the geom- 
etries tested and not necessarily to laps in practical taped 
constructions. 


Study of Conductive Residue 


The observed behavior with variable gaps suggested 
that both location and time of breakdown might be in 
some way related to patches of conductive residue formed 
in the gap by the discharge. The method for determining 
local variations in surface resistivity employed a small 
probe and a General Radio Type 1230A megohmmeter. 
The probe consisted of two 5-mil iron wires laminated 
between two layers of heat-sealable polyester film. The 
ends of the wires were spaced approximately 10 mils 
apart and projected 30 mils beyond the edge of the 
laminate. The laminate was tapered nearly to a point at 
the projecting wires to facilitate observation and location 


Fig. 5—Erosion process in butt-lapped 
specimen of vinyl: (a) corona streamers 
striking to spots of residue shown in (b). 
The crescent-shaped glow to the left in 
(a) is eroding the trench shown in (c) ; 
the spikes of residue formed in the gap 
at the edge of the electrode are shown 
in the foreground of (d). A resistivity 
plot of the surface of the specimen shown 
here appears in (e). The hatched outer 
ring is the periphery of the grey area on 
each specimen. Values shown are powers 
of 10 (ohms). Location of breakdown is 
shown by X. 
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of the probe. Capacitance effects introduced by handling 
caused variations in readings above 10'* ohms. Hence, 
such values are reported at > 10*°. 

A derivation of the resistance, R, between two conduct- 
ing circles on a surface of resistivity, 7, gives the relation 
o = 7R [cosh* (D/d)]-, where D is the distance be- 
tween centers and d is the diameter of the conductors. 
For D = 15 mils and d = 5 mils, o = 1.8 R. However, 
in calibrating the probe on a surface of known @, it was 
found that, because of imperfect contact, the observed 
value of R was generally about the same as that of oc. 
The values shown in the accompanying figures are the 
observed resistances to the nearest power of 10. 

A 1.2-mil butt-lapped specimen at the completion of 
test is shown in Fig. 5(b). A plot of surface resistivities 
in powers of 10 is shown in Fig. 5(e). Under the elec- 
trode both the walls and bottom of the gap are slightly 
conductive. Because of wall conduction, the discharge 
was apparently shorted out and largely extinguished 
under the electrode. Outside the electrode the resistivity 
of the tape and the gap decreases to 10’ ohms or less. 
This conductive area is separated from the electrode by 
a continuous ring of high resistance. Streamers from the 
electrode, which are visible in Fig. 5(a), stuck to the 
boundary between conductive and non-conductive areas 
in the gap and resulted in failure just outside the edge of 
the electrode. Figure 4(a) is a view of a similar specimen 
which also failed at the edge of the electrode. 

Figure 4(b) shows the appearance of a larger (2.7 
mm) gap which failed in 165 min under the center of 
the electrode. The light band down the middle of the 
gap consists of conductive residue with a resistivity of 
10° to 10° ohms. The black areas separating this band 
from the walls of the gap have a resistivity in the order 
of 10'* to 10'° ohms. The residue is therefore insulated 
from the wall of the gap and hence from the electrode. 
It is evident that in large gaps the discharge is not 
shorted out, but instead strikes to the boundary of the 
conductive area at the bottom of the gap. 

For gaps under 0.5 mm, the bottom of the gap outside 
the electrode again becomes more conductive than the 
walls, which probably increases the intensity of the dis- 
charge. As shown in Fig 3, failure may be quite rapid in 
very small gaps. 

As illustrated in Fig. 5(e), several concentric bands 
of varying resistivity surround the electrode. Discharges 
can develop between low-resistance bands across a high- 
resistance band and produce the erosion shown in Fig. 
5(c). As corona proceeds in a humid atmosphere, the 
cones or spikes of residue shown in the views of Fig. 5 
develop on both electrode and specimen. The discharge 
becomes localized at these deposits. 

The variation in patterns of erosion produced at 500 
vpm for ASTM and ball electrodes at 5 per cent RH and 
90 per cent RH is shown in Fig. 6. The same figure also 
shows that the observed erosion appearance is no indica- 
tion of resistance variations. For both ASTM and ball 
electrodes in a dry atmosphere, failure occurs at the edge 


Fig. 6—Surface resistivity surveys of eroded specimens of vinyl 
tape: (a, b, c, d) correspond with erosion patterns. (a’) Dry 
atmosphere, ball electrode; (b’) 90 per cent RH, ball electrode; 
(c’) dry atmosphere, ASTM electrode; (d’) 90 per cent RH, 
ASTM electrode. The central black areas are the areas of con- 
tact with the electrode (which is removed). 
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of contact with the electrode. In a humid atmosphere, the 
discharge strikes to the boundary of a band of conduc- 
tive residue and breakdown occurs at some distance from 
the electrode. 

The surface patterns are dependent on voltage. When 
tests are made in a dry atmosphere at 400 vpm, a number 
of concentric alternating dark and light rings approxi- 
mately 0.25 mm apart appear on some specimens close 
to the ball electrode. The distinctness of these rings seems 
to depend on the time of exposure to corona. The re- 
sistivity in this region varies from 10‘? ohms at the inner 
and outer edges through a minimum of 10’ ohms, and is 
independent of the visible pattern. The outer 3 to 4 mm 
of the grey disk exhibits a constant resistivity of 10° 
ohms. These are resistivities measured at 50 per cent 
RH. At still lower voltages, these closely spaced rings do 
not appear within the normal time-to-failure. Similar but 
less striking changes of the pattern with voltage have also 
been observed in tests in humid atmospheres and with the 
ASTM rounded-edge electrodes. 

e@ Cause of Residue Pattern. The residue patterns 
change with voltage, humidity, type of electrode and 
time. It would be reasonable to suppose that the lowest 
resistivities would be found at high humidities. This is 
not necessarily the case. There is usually a region of high 
resistivity close to the electrode on specimens tested in 
humid atmospheres. High resistivity appears to be as- 
sociated with high discharge intensity; intense lateral 
discharges apparently erode the residue. 

The corona-starting voltage on 10-mil vinyl tapes goes 
through a minimum for an electrode-to-surface air gap of 
1 to 2 mils. For a 1%-in. diam ball, this gap occurs be- 
tween 20 and 30 mils from the point of contact with the 
ball. Hence, maximum erosion should first occur at this 
radius. As the surface erodes, the region of intense dis- 
charge moves in toward the electrode. For the specimen 
shown in Fig. 6(a’) (500 vpm, dry), the surface has 
eroded back to the electrode to a depth of slightly over 
1 mil at the point of contact. Hence, on this specimen, 
intense discharges were occurring at the point of contact 
where the field in the specimen is also the highest. It is 
not surprising that the specimen broke down at this point. 

At 400 vpm, the surface also erodes back to the point 
of contact with the ball on dry vinyl specimens. However, 
the resistivity (measured at 50 per cent RH) falls to low 
values over the entire discharge area. The explanation 
cannot be the lower discharge intensity alone, since re- 
sistivities around an ASTM electrode at 400 vpm are 
similar to the 500 vpm pattern. A ball electrode over- 
hangs the discharge area and discharges from the elec- 
trode strike at an angle to the surface of the specimen. 
With ASTM electrodes, the discharge to points outside the 
electrode are largely parallel to the surface. It would 
appear that discharges parallel to the surface are more 
effective in preventing the build-up of conductive ma- 
terial. 

It should be noted that under the actual dry test 
conditions, surface resistivities are several decades higher 
and probably have a minor effect on the discharge in- 
tensity and location of breakdown. 

Consideration of the distance in which charge will 
decay at 60 cycles suggests an explanation for the alter- 
nating rings. Looking out radially from the electrode, the 
specimen may be roughly approximated by a uniform 
transmission line of 7 ohm-cm resistance (where o is the 
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surface resistivity) and C, pf{/em (where C, is the speci- 
men capacitance per square centimeter—about 17 pf/cm* 
for 10-mil vinyl tape). An a-c potential applied to a ring 
on the conductive surface will decay to about one-third 
(36.8 per cent) of the applied value in a radial distance 
xa = 1/V zfeC, cm. For ¢ = 10"-10" ohms, xg = 0.17- 
0.56 mm. The observed separation of rings is within this 
range. Continuous discharges striking to a ring around 
the electrode will charge the surface for a small radial 
distance in the order of xz. Hence, additional discharges 
will be displaced away from the ring roughly by x . This 
effect will produce a pattern of discharges in a series of 
rings. In spite of the gross assumptions in the analysis, 
rings actually do form and the explanation is probably 
electrical and not chemical. The outer half of the dis- 
charge patterns produced under humid conditions shows 
resistivities between 10° and 10'° ohms. For these re- 
sistivities, the decay distance would be in the order of 
millimeters. There is some indication in these outer areas 
[ Figs. 2(a), 6(b’) and 6(d’) ] of zones of resistivity with 
this spacing. 

Discharges develop over the surface to a much greater 
radius than the uniform-field breakdown distance. At 
500 vpm (5250 volts, rms) the observed discharge dis- 
tance is 6 to 7 mm beyond the electrode for both dry and 
humid atmospheres. For a 6-mm gap, voltage required 
by the Paschen law is 20 kv peak. The explanation of the 
extended range of the corona discharge is to be sought in 
the surface charge, which progressively distorts and ex- 
tends the field to greater radius. Grossman and Beasley 
(2) cited the range of 20 kv electrons in air to account 
for the diameter of the eroded pattern on polyethylene 
specimens. However, the electrons in an atmospheric dis- 
charge have energies distributed from nearly zero to 
somewhat above the ionization potential, and a mean 
value in the order of one or two electron volts. (9) 
Hence, the range of free electrons is not a factor in ex- 
tending the discharge area. An edgewise view of a dry 
specimen under test in a dark room will disclose that the 
discharge does propagate over the surface in a thin disk 
beyond the direct cone of discharge from the electrode. 
The intermediate darker ring in Fig. 6(c’) has a ray- 
like pattern eroded into the surface of the tape. This is 
the area just beyond the direct cone of discharge from 
the electrode. There is no film of residue here. At the 
outer boundary of this ring, the corona intensity had 
presumably decreased to a critical point at which residue 
could again accumulate. 

@ Composition of Residue. A number of attempts have 
been made to identify the components of the conductive 
residue. This is particularly difficult because of the com- 
plex composition of a commercial product and the small 
amount of residue sample obtainable even from a large 
number of test specimens. Infrared analyses of surface 
scrapings from eroded vinyl tapes have disclosed a major 
inorganic fraction composed largely of nitrates and 
traces of inorganic materials originally present in the 
tape. The residue is highly acid, with a pH of approxi- 
mately 1.0. Oxalic acid, which is a major constituent of 
the residue from polyethylene, has not been found. 

Efforts to identify differences in compositions among 
the various concentric rings have likewise been unin- 
formative. A special clear 0.5-mil vinyl film consisting 
of Bakelite VYNS and 30 parts of TCP (tricresyl phos- 
phate) was exposed to corona with a ball electrode and 
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examined with an infrared microscope. No significant 
differences from the original composition were found in 


the eroded region, with the exception of some acid-con- 


taining material detected in the area just under the 
electrode. 

As shown by Fig. 6(d’), the area of grey chalky residue 
is almost always surrounded by an oily black ring. In a 
pencil-hardness test, this ring exhibits a lower apparent 
hardness (2B) than the unexposed film (HB). The grey 
area is considerably harder (6F ). The increased hardness 
may be due to the residue, although hardening of the film 
could also result from exposure to ultraviolet and electron 
bombardment. The oily black ring is found on all speci- 
mens regardless of test atmosphere. It is always a region 
of lowered resistivity. Oily black patches of low resistivity 
are also found close to the electrode as in Figs. 6(b) and 
6(b’). It appears that this highly conductive material can 
form only in regions of low tangential discharge inten- 
sity. Black low-resistivity patches are found at the edges 
of small gaps [Figs. 4(a) and 5(e) ], but the black areas 
in large gaps [Fig. 4(b) ] show high resistivity. The latter 
are apparently just bare tape. 

It might be suspected that the conductive oily film is 
formed from high-molecular-weight acidic fragments pro- 
duced in the decomposition of the base polymers. In a 
region of intense discharge, these fragments are further 
to low-molecular-weight acids, CO, and 
water. [In tests between sealed glass plates, droplets of 
highly acid (pH 1.0) liquid smelling strongly of acetic 
or formic acid and possibly HCl are formed from vinyl 
film under corona exposure. These droplets evaporate 
rapidly on exposure to air.] However, larger fragments 
formed at the periphery of the discharge may be driven 
out of the discharge area and condense on the surface as 
the oily black ring. This same type of oily conductive 
film is found just under the edge of ASTM electrodes 
[ Figs. 6(d) and 6(d’)], and may also explain the con- 
ductive patches at the edges and walls of small gaps 
[Figs. 4(a) and 5(e) ]. Failure in large gaps is too rapid 
to permit an appreciable buildup of these materials on 
the walls of the gap. 

@ Discussion. Tentative conclusions concerning the 
formation of conductive residues may be summarized as 
follows. Intense tangential discharges prevent the buildup 
of conductive residue (ASTM electrode, dry). Inorganic 
residues which are conductive in a humid atmosphere 
can form in regions where the discharge is normal or at 
an angle to the surface (ball electrodes, bottom of gaps 
and laps). Oily, highly conductive residues can form in 
regions of low discharge intensity at the outer edge of 
the discharge region or in confined areas and small gaps 
under electrodes. 
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The location of breakdown and improvement in corona 
resistance under high humidity are not entirely explained 
by the bands of conductive residue. Although failure may 
occur at some distance from the electrode, the corona is 
frequently intense at the edge of the electrode because of 
the surrounding ring of high resistivity [Figs. 6(b) and 
(d)]. Failure occurs under dry conditions at the point 
of contact with the electrode when only 1 mil or so of the 
specimen has been eroded away. In contrast, under humid 
conditions, the formation of numerous deep cavities and 
trenches, penetrating a considerable fraction of the insula- 
tion thickness, precedes failure. It seems certain that 
moisture in some manner inhibits the formation of the 
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breakdown channel. Perhaps this behavior is the result 
of a stress-grading effect caused by increased ionic con- 
ductivity. Or perhaps the moisture acts in some way to 
prevent the development of surface cracks. It would ap- 
pear that a better understanding of the effect of moisture 
in improving corona resistance may suggest approaches 
to the development of more corona-resistant materials. 


Conclusions 

1. Corona-resistance tests in humid atmospheres are af- 
fected by a number of competing and extraneous factors, 
among which are: temporary or partial extinguishment of 
the discharges; formation of highly conductive surface 
patches, resulting in intense discharge streamers; discharges 
between conductive surface areas; and the development of 
deep cavities and trenches before breakdown. 

2. Corona in a dry atmosphere is continuous in time and 
produces relatively uniform erosion of the specimen surface. 

3. Tests in a dry atmosphere are believed to provide the 
best measure of intrinsic resistance to corona. 

4. The deposition of residue and its composition are ap- 
parently dependent on humidity, on the discharge intensity, 
and to some extent on the angle at which the discharge 
strikes the surface, among other factors. 

5. The location of breakdown in both single and lapped 
sheet specimens can be partly accounted for by variations 
in the pattern of conductive residue formed on the surface. 

6. The time and location of breakdown in lapped speci- 
mens varies with the lap spacing. 

7. The corona resistance of a representative vinyl elec- 
trical tape increases with increase in test humidity from 
0 to 50 per cent RH. 

8. The ratio of humid to dry corona resistance is greater 
at lower voltages. 

9. It appears that mechanical elongation produces a much 
greater reduction in the corona resistance of polyethylene 
than of vinyl tape. Oooo 
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AS THE DESIGN ENGINEER comes to realize the unique 
property combinations (Table I) that tantalum has to 
offer, new uses for unalloyed tantalum will be developed. 
The properties include excellent formability and reten- 
tion of ductility at extremely low temperatures, as well as 
high mass and good thermal conductivity and weldability. 
On the other hand, the immediate future of tantalum- 
base alloys appears to lie almost exclusively in high- 
temperature applications where these materials are ex- 
pected to fill the temperature gap between tungsten and 
the lower-melting alloys of molybdenum and columbium. 

In either form, pure metal (unalloyed) or alloy, and also 
as a composite material, tantalum shows high potential 
as a material of design engineering. To date it is used or 
being evaluated for use in electron-tube applications 
(anodes and grid materials), capacitors, heaters and heat 


Reduction in area, per cent 


100 200 300 400 500 600 700 
Temperature, deg C 


Fig. 1—Tensile transition ranges for recrystallized refractory 
metals, 
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exchangers, carbide tools and other wear-resisting parts, 
tubing, a power generator for converting heat to electric 
power, conductor wire, semiconductor and transistor ap- 
plications, high-temperature transformer windings, and 
in applications where corrosion becomes a serious prob- 
lem. 


Properties (J, 2 


Pure tantalum is characterized among metals by its 
unique combination of high melting point (2996 C) and 
excellent ductility at cryogenic temperatures. Thus, among 
commercial metals, only tungsten has a higher melting 
point (3410 C). However, tungsten, like chromium and 
molybdenum, has the disadvantage of becoming brittle at 
ordinary temperatures, while tantalum retains its plas- 
ticity down through —196 C (Fig. 1). For these reasons 
alone, tantalum, from the metallurgical point of view, 
offers the greatest potential temperature range of useful- 
ness of any metal. 

As with most pure metals, the room-temperature tensile 
strength of annealed tantalum is not outstanding. The 
values given in Table II are typical of those which can 
be achieved in available grades of the metal. Increasing 
the impurity content and/or cold working increases the 


* Italic numerals in parentheses refer to Cited References at end of article. 


Table I — Tove | ~- Physio Properties er Tae Properties of Tantalum 


2996 C 

5427 C 

16.6 gm/cm? 

body-centered cubic 

3.296 A 

13.9 per cent IACS 

12.5 microhms/cm at 20 C 
0.034 cal/gm/C at 100 C 
0.130 cal/cm?/cm/C/sec at 20 C 
6.5 X 10 per C at 0-100 C 
27 X 10° psi 


1 
Melting point 
Boiling point 
Density 
Crystal structure 
Lattice parameter 
Electrical conductivity 
Electrical resistivity 
Specific heat 
Thermal conductivity 
Thermal expansion 
Elastic modulus 


Table Il — Room-Temperature Tensile Properties 
of Tantalum 


Ultimate Yield 
strength, | strength, tion, per 
Type of metal psi | Psi cent 


26,000 36 
57,000 25 


Elonga- 


29 ,000 
67 ,000 


High- -purity sheet 
Powder-metallurgy sheet 








per cent 
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Fig. 2—Effects of impurities and cold working on the elevated- 
temperature strength of tantalum. 


strength at room and elevated temperatures (Fig. 2). The 
pronounced peaks in the curves of this figure in the range 
of 300 to 400 C result from strain aging, an interaction 
process between interstitial impurity elements (oxygen, 
carbon and nitrogen) with lattice imperfections. The re- 
crystallization temperature of work-hardened tantalum 
decreases with increasing amounts of cold work and 
ranges from 1200 to 1400 C for reductions of 75 to 50 
per cent, respectively. 

Tantalum has a high density, being appreciably heavier 
than steel and most other metals, although not as heavy 
as tungsten. The metal has a very low vapor pressure at 
elevated temperatures, its partial pressure being less than 
that for tungsten, molybdenum, or columbium. This prop- 
erty of the metal, along with its excellent fabricability 
and reversible affinity for oxygen and nitrogen, is largely 
responsible for its usefulness in electron-tube applications. 


Applications—Pure Tantalum 


e Semiconductors and Transistors. Clad metals made 
with tantalum in combination with other materials are of 
interest for semiconductor or transistor applications. A 
number of metal combinations have been produced (3 
for bonding to silicon in the manufacture of silicon 
cradle base tab supports. Tantalum is suitable because 
it matches the coefficient of expansion of the silicon 
crystal. The good thermal conductivity of tantalum lends 
itself further to semiconductor design. The problem of 
heat dissipation, one of the limiting factors in high-power 
transistor design, may be overcome by this application 


Table Ill — Comparison of Capacitor Sizes 





Volume, per cent* 


| 
_| 100 wots 4 





Type 100 volts d-c | 500 volts d-c |1000 volts d-c 
Kraft paper 100 100 100 
Ceramic 96 250 400 
Metallized 65 535 1330 
Aluminum electrolytic 23 30 67 
Tantalum (foil type) 15 25 50 





* Kraft paper 100 per cent. 
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of tantalum, especially where miniaturization is a basic 
specification. 

The selection of a cladding metal to use on a tantalum 
base is determined in large measure by the end product 
being designed. In the design and development of prod- 
ucts with different specifications—e.g., a layer crystal or 
higher-power unit, or in meeting different developmental 
problems requiring a smaller amount of diffusion—dif- 
ferent cladding materials are called for. Gold-antimony 
might be most suitable for one variable and aluminum 
for another. Thus, the design parameters are the final 
consideration of choice. 

Claddings of gold, silver, gold-antimony, silver-anti- 
mony, gold-indium, silver indium and aluminum—all on 
a tantalum base—are being evaluated for possibilities in 
composite materials of design. All these combinations 
have the following common property: they are the types 
of materials normally used for solder-bonding to silicon 
to achieve a pure ohmic contact. A non-rectifying junc- 
tion is thus secured. A cladding material is necessary 
because a sound metallurgical bond cannot be made be- 
tween silicon and tantalum. Further, the inseparable bond- 
ing of two or more metals often produces desirable en- 
gineering properties not found in a single metal. Tanalum 
composites are illustrative of this point. 

e Transformer Windings. Tantalum-clad copper wire 
is under development for applications requiring wire for 
high-temperature transformer windings. The oxide formed 
on tantalum by anodizing has excellent dielectric prop- 
erties, better than some commonly used materials such 
as varnishes. The copper core, of course, provides the 
required electrical conductivity. 

e Electron Tubes. Tantalum’s chief application in elec- 
tronics has been for anodes and grid materials, par- 
ticularly for transmission tubes operating at high tem- 
peratures or voltages and for tubes in which high 
performance characteristics must be maintained. The use- 
fulness of tantalum as a grid material is, however, de- 
pendent on the degree of contamination from the tube 
filament and cathodes. Tantalum is not satisfactory for 
grids in tubes having oxide-coated filaments or cathodes, 
since contamination under these conditions is quite 
severe. 

When heated to normal electron-tube operating tem- 
peratures (650-1000 C), the tantalum getters residual 
gases from the tube atmosphere, a process which can be 
reversed upon heating above 2000 C. In electron-tube 
assembly, the tantalum components are first outgassed 
by heating. Subsequently, operating at 650-1000 C, they 
effectively absorb gases emitted from the surrounding 
parts and thus enable maintenance of a high vacuum. 

e Capacitors. Tantalum reacts readily with atmos- 
pheric gases and cannot be heated in air at temperatures 
above about 600 C without becoming severely oxidized. 
Nevertheless, tantalum forms an anodic film of unusually 
high electrical and chemical stability with a high dielec- 
tric constant. Because of these characteristics, tantalum 
has proved eminently satisfactory as an electrolytic ca- 
pacitor material. The effectiveness of tantalum in these 
applications is indicated in Table III, which compares 
the volume percentage of tantalum-foil capacitors with 
those of the more conventional types (kraft paper ca- 
pacitors are taken as 100 per cent volume). 

The three basic types of tantalum capacitors are foil, 
porous and solid. The foil type consists essentially of 
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oxide-coated tantalum wound (in a fashion similar to 
aluminum-foil types) around insulating spacers. 

The porous-type tantalum capacitor utilizes a sintered 
powder-metal tantalum rod as the anode. This is con- 
tained in a liquid electrolyte, consisting basically of sul- 
furic acid, in a silver cathode container. Because of the 
much greater surface area for the same amount of 
tantalum, the porous types have a much higher capaci- 
tance than foil types. Another important characteristic 
of porous tantalum capacitors is their capability of serv- 
ice over a wide temperature range, from —60 to -++200 
C. Still another important feature is their long service and 
shelf life. During storage, there is no need for periodic 
voltage application to maintain electrical characteristics 
as there is with aluminum electrolytics. 

The common disadvantage of both foil and porous 
tantalum capacitors is that both require liquid electro- 
lytes. Hence, both types require an external casing which 
enlarges their external dimensions and introduces the 
possibility of leakage. Most of these disadvantages have 
been overcome in the development of the solid electrolytic 
tantalum capacitor which also utilizes a porous tantalum 
anode. Here, the electrolyte consists essentially of man- 
ganese dioxide which behaves as a semiconductor. These 
capacitors retain most of the characteristics of the liquid 
tantalum types, but are available only with working vol- 
tages up to 35 volts and an upper temperature limit of 
85 C. 

Generally, tantalum capacitors have found their prin- 
ciple application where temperature conditions preclude 
the use of more conventional types although, in many 
cases, their small physical size and low electrical leakage 
justify their use even at normal temperatures. Tantalum 
capacitors have proved especially useful in miniaturized 
designs, as essential features in missile controls and com- 
puter circuits. 

e Structural Components. The excellent corrosion re- 
sistance of unalloyed tantalum, in combination with its 
good thermal conductivity, has led to its use in structural 
components exposed to corrosive environments. The metal 
is particularly resistant to attack by chlorine and its com- 
pounds, including hydrochloric acid, and also shows ex- 
cellent resistance to nitric and sulfuric acid when un- 
contaminated with free SO. or fluorides. The thermal 
conductivity of tantalum is about equivalent to that of 
steel. Moreover, because tantalum resists the formation 
of surface scale or corrosion products, it is highly effi- 
cient in heat transfer. Thus, 1 sq ft of tantalum is 
equivalent to about 18 sq ft of lead. 

e Electronic Generator. A new electronic generator 
with no moving parts, designed to convert the heat of a 
rocket exhaust directly to electric power, is capable of 
powering the control system, guidance, telemetering and 
related electronic equipment of a missile throughout the 
operating life of the rocket motor. (4, 5) 

The new device, a developmental tube of the type 
known as a thermionic generator, utilizing tantalum as 
the cathode material, has already produced up to 270 
watts of power directly from a high-temperature heat 
source. 

A lightweight power source of this type, operating 
directly from exhaust heat that is normally wasted, is a 
step forward in the critical area of missile and space 
technology. Conventional power supplies, such as chemi- 
cal batteries, are heavy in proportion to their power 
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output, imposing narrow limitations upon the payload 
carried by the rocket or missile. By using a lightweight 
thermionic generator (consisting of a tantalum cathode, 
a molybdenum cathode support and a molybdenum rocket- 
flame tube) it should be possible to increase the payload. 

The device bears a similarity to conventional two- 
element electron tubes, or diodes, in having a cathode 
from which electrons are “boiled” by the application of 
heat, and another electrode to which these electrons flow 
to produce an electrical output. 


Design Potentials—Alloys 


Tantalum is used as an important, though minor, ad- 
dition in a wide variety of alloys including stainless steels 
and certain high-temperature nickel- and cobalt-base 
alloys. As tantalum carbide, this metal has also found 
important uses in cemented carbide tools, dies, and other 
wear-resisting parts. However, as far as true tantalum- 
base alloys are concerned, only one alloy has thus far 
been used commercially. This has been a binary 7.5 
per cent tungsten alloy which, because of its capability 
of maintaining its elasticity at red heat, finds use as a 
spring clip in electron tubes. More recently, a binary 10 
per cent tungsten alloy has become available commercial- 
ly in sheet, rod, and wire form. 

The current lack of availability of tantalum-base alloys 
does not stem from a lack of potential for this metal as 
a base material. Tantalum shows extensive solubility for 
a large number of useful high-temperature strengtheners, 
including tungsten, columbium, molybdenum, vanadium, 
hafnium and zirconium. Its high initial level of ductility 
permits the choice of a great many alloy combinations 
over a large range of compositions. Moreover, its fairly 
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Fig. 3—Effect of temperature on the strength/density of selected 
refractory metals and alloys. 


131 





Fig. 4 
stamping, machining and welding. (Source: 
lurgical Corporation.) 


Fabricated tantalum parts made by spinning, drawing, 
Fansteel Metal- 


large tolerance for impurities, such as carbon and oxygen, 
renders its alloys less susceptible to contamination in 
processing than, for example, molybdenum. 

The main disadvantages of tantalum. which have (until 
recently) retarded the development of tantalum alloys as 
structural materials, are high density and cost. The in- 
creasing need for superhigh-temperature materials, how- 
ever, has resulted in a new look at tantalum alloys— 
with very encouraging results. Several alloy development 
programs are now in progress under Air Force and Navy 
sponsorship. While these programs are still in their early 
stages, several tantalum-base alloys have already been 
found which show an excellent high-temperature strength 
potential. This is evident from the temperature-strength- 
weight curves for several of these alloys shown in Fig. 3 
For comparison purposes, this figure also lists similar 
curves for the current leading high-temperature molyb- 
denum- and columbium-base alloys. The Ta-30Cb-7.5V 
alloy appears especially attractive by virtue of its low 
density (i.e., 0.426 compared to tantalum’s 0.600 lb/in.°). 

In comparison with molybdenum alloys and tungsten, 
tantalum alloys can be expected to retain useful room- 
temperature ductility after recrystallization, an advantage 
which should not only extend their temperature range of 
application, but which should also permit the use of 
fusion-welding processes in joining operations. 

At temperatures from 1200 to about 1400 C, tantalum 
alloys are expected to have strengths at least equal to 
columbium alloys and should show superior strengths at 
higher temperatures. Indeed, because of tantalum’s high 
melting point, the sought-for range of temperature ap- 
plications for its alloys is from 1400 C to 2000 C, an area 
where only tungsten now offers the prospectus of a metal- 
lic material of construction. 

Unfortunately, the oxidation resistance of tantalum at 
high temperatures, while better than for molybdenum or 
tungsten, is still quite poor. Although tantalum’s resist- 
ance to oxidation can be improved through alloying, pro- 
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tective coatings will still be needed to enable the metal 
or its alloys to survive in oxidizing environments at tem- 
peratures above 1200 C. 


Fabrication 

Until recently, powder-metallurgy techniques offered 
the only practical means of consolidating this highly gas- 
sensitive metal. These techniques are still used to provide 
the bulk of current wrought forms of the metal. Mechani- 
cal dies or hydrostatic pressing methods, with unit pres- 
sures of the order of 60,000 psi, are used to compact the 
powder into rounds or rectangular bars. Vacuum sinter- 
ing at temperatures of 2400-2600 C is then used to con- 
solidate the bars further. This treatment is also essential 
to effect a significant purification from oxygen, nitrogen, 
and carbon impurities, which are usually present in the 
initial powder in quantities sufficient to embrittle the 
metal if not removed. The sintered bar, though not fully 
densified, is ductile enough to accept cold reductions of 
20 to 50 per cent. The bars are then resintered to yield 
effectively full densification. 

Within the past few years, the application of electron- 
beam drip melting has been successfully achieved for 
tantalum on a commercial scale by several organizations. 
In this high-vacuum process, pressed powder is fed into 
an electron gun which bombards it with electrons until 
the metal melts and drips into a water-cooled copper 
mold. Because a high vacuum (< 10°* mm Hg) is main- 
tained during melting, considerable purification of the 
metal is also achieved. As a result, the ingots are quite 
ductile; e.g., ingots up to 5 in. diam have been produced 
which can be directly cold worked into bar or sheet. 
billet by either 
electron-beam melting techniques is 


Since tantalum bar or produced 
powder-metal or 
quite ductile, such standard fabrication techniques as 
rolling and swaging can be carried out at room tempera- 
ture. Similarly, the metal can be cold drawn, bent, or 
spun into a variety of configurations (Fig. 4). 

Generally, the machinability of tantalum is similar to 
that of stainless steels with respect to galling tendencies. 
Thus, high-speed steel tools are preferred to hard metal 
tools, and the use of lubricants (e.g., carbon tetra- 
chloride) is essential to obtain a good surface finish. The 
metal can be turned, drilled, milled, or shape-cut without 
difficulty. Grinding, however, is not practical since this 
soft metal tends to load wheels rapidly. 

The metal can be joined readily using inert gas-arc, 
resistance, or carbon-arc welding techniques. Tantalum 
can also be joined by brazing and soldering. In these 
cases, it is first necessary to electrodeposit a film of nickel 
or copper on the metal and to diffusion-bond this to the 
substrate. Thus, standard electrodeposition techniques 
are used and followed with a short-time vacuum treatment 
at 1000-1200 C. Surfaces so prepared can then be joined 
using the conventional brazing or soldering techniques 
for nickel or copper. O00 
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‘LINE: +1% for 115+10v ac line change at any 
output voltage within specified range. 

LOAD — at maximum output voltage: 

Less than 2% output voltage change for 50-100% 
load change (3% for PR 15-10M and PR 15-30M). 

Less than 4% output voltage change for 25-100% 
load change (6% for PR 15-10M and PR 15-30M). 

(See Graph below for typical load characteristics) 
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improving rectifier utilization, and reducing output 
ripple. 

ADJUSTABLE WIDE-RANGE OUTPUT: 
Continuously variable voltage control permits out- 
put settings from 0 to maximum rating. 
OVERLOAD PROTECTION: 

Special “Flux-O-Tran” transformer and DC overload 
circuit breaker allow output to be shorted without 
damage to unit. Ideal for lighting lamps and charg- 


_ ing capacitive loads 


SILICON RECTIFIERS: 

Reliable, efficient, full-wave rectification. 
CAPACITIVE FILTERING: 

Provides excellent ripple reduction and minimizes 
transient response characteristics. 

NO VOL OVERSHOOT: 

No output oe overshoot from turn-on, turn-off 
or power f 
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Arc Suppression for Contact Protection 


WILLIAM FRANK 
THE WARNER AND Swasey COMPANY 
Cleveland, Ohio 


HIGH-VOLTAGE transients are produced 
inherently in an inductive circuit when 
the circuit is de-energized. If the de- 
energization is accomplished by the 
opening of relay contacts, part of the 
energy resulting from the transient is 
dissipated across the opening contacts 
and, if the voltage is high enough, 
arcing will occur. Burning and pitting 
of the contacts results and their reli- 
ability and life can be seriously im- 
paired. To correct such a condition, it 
is necessary to reduce the 
transients across the contacts 
point where arcing will not occur. 

It is possible, of course, to use con- 
tacts which are large enough to with- 
stand the arcing, and this approach is 
quite often used in machine-tool con- 
trols. However, when the circuits in- 
volved are extensive, the space required 
for these types of relays may be pro- 
hibitive. The use of industrial relays 
of this kind (as distinguished from 
telephone relays) should not be over- 
looked entirely, however, since it will. 
in cases involving very heavy inductive 
loads, prove to be the most economical 
and sometimes the only way of securing 
reliability and long life. 

In large systems requiring a number 
of relays, the advantages of telephone- 
type relays in saving space are obvious. 
It is then necessary to provide some 
means of arc suppression, since the con- 
tacts on these relays are not made to 
withstand the arcing that can be caused 
by inductive loads. 


voltage 
to a 


Relay contact 





Fig. 1—Are suppression 
diode across load. 


using single 
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Suppression in D-C Circuits. Arc sup- 
pression in d-c circuits is often re- 
quired even when the load is not in- 
ductive. The inductance of the wires in 
the circuit is often sufficient to produce 
enough arcing to cause poor contact 
reliability and short life. With highly 
inductive d-c loads such as_ breaks, 
clutches, solenoids, etc., arcing can be 
so severe that contacts are destroyed 
the first time the circuit is opened. 

Diodes. A diode with a low forward 
resistance will eliminate voltage peaks 
completely when placed across a d-c 
coil as shown in Fig. 1. The diode is 
so connected that, when the circuit is 
closed, only reverse current flows 
tnrough the diode. When the circuit is 
opened, the diode effectively shorts out 
the current induced in the coil. 

Diodes provide ideal d-c are sup- 
pression because all voltage peaks are 
eliminated. No appreciable current is 
drawn by the diode when the circuit 
is closed One particular 
diode can be applied to a wide range 
of circuits: for instance, the 14-amp, 
400-volt, SR-200 diode will provide 
effective arc suppression for loads vary- 
ing from 40 ma, 48-volt, d-c telephone 
relay coils to 500-ma, 90-volt, d-c 
clutches and brakes. Diodes are small 
and are easily wired and their cost is 
low. 

The current flow from the inductance 
through the forward resistance of a 
diode during a switching transient can 
be expressed as 

juz Ie — 80/2 


or closing. 


where 


1, = current at time of interruption 


Relay contoct 





Fig. 2—Back-to-back diodes are useful 
for inductive circuits with less than 0.5 
amp and 150 volts. 


R= diode forward resistance in parallel 
with load resistance 
LI =load inductance 


It can be seen that a low forward 
resistance in the diode will cause the 
current flow through the load to decay 
slower than if the diode were not in the 
circuit (the total resistance would thus 
be higher). If the load is a relay, the 
longer decay time will cause a delay in 
the release time of the relay. For some 
applications this delay is a definite 
advantage. 

Where fast dropout time is not criti- 
cal then, diodes offer the best all-round 
method of d-c arc suppression. If cur- 
rents higher than those discussed above 
for the application of silicon diodes are 
encountered, the use of small selenium 
diodes may be necessary. Consider, for 
instance, two 90-volt, 0.6-amp clutches 
connected in parallel and operated by 
two telephone relay contacts (0.065-in. 
diam contacts). In one such application, 
without arc suppression, the arc burned 
the contacts and part of the spring off 
the relay the first time the circuit was 
opened. The use of a 250-volt, 500-ma 
selenium diode across the clutches com- 
pletely eliminated the arc. For such 
an application, a selenium diode with a 
current rating approximately half that 
of the load is sufficient. 

Diodes can be placed back-to-back 
across a coil as shown in Fig. 2. The 
back resistance of diode No. 1 blocks 
current flow through the diodes when 
the coil is energized. The non-linear 
back resistance of diode No. 2 provides 
a low-resistance discharge path for 
the coil when circuit is first opened. 


Relay contact 


Coil 





Fig. 3—Resistor-capacitor combination in 
parallel with load. 
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Relay contact 


Fig. 4—RC combination in parallel with 
contacts being protected. 


Relay contact 


Fig. 5—Capacitor thyrite combination in 
parallel with load. 


The back resistance of diode No. 2 
then rapidly increases as the current 
decays so that the coil dropout time is 
not materially increased. 

Complete back-to-back diode units 
are small and easily wired into circuits. 
However, their cost is comparatively 
high. They are useful only for inductive 
circuits with less than 0.5 amp and 150 
volts. The voltage and current ratings 
of back-to-back diodes are critical for 
good operation. Each different load 
coil requires a differently rated back-to- 
back diode. 

Resistor-Capacitor Combinations. A 
resistor and a capacitor in series placed 
either across the coil being operated 
(Fig. 3) or across the contact to be 
protected (Fig. 4) will provide an 
effective method of d-c arc suppression 
in low-inductance circuits. Variations 
on the method (such as omitting either 
the resistor or capacitor) are also 
possible. The cost of the components in 
this method is low and they are easily 
wired into circuits. The dropout time 
of the coil can be varied by changing 
the size of the capacitance. 

The resistor-capacitor combination 
does have some disadvantages. It is not 
as effective as the use of diodes, 
particularly in high-inductance, high- 


JUNE 1961 


neous voltage, volts 


Instanta 


Instantaneous current,amp 


Fig. 6—Current-voltage characteristic of a typical thyrite. 


current circuits. In each case, different 
values of resistance and capacitance 
may be required. Also, charging or dis- 
charging of the capacitor when the 
contact closes may lead to contact 
welding. However, when coil dropout 
time is critical or if variable dropout 
time is desired, the resistor-capacitor 
method of d-c are suppression will pro- 
vide the best protection available. 

Suppression in A-C Circuits. In low- 
inductance a-c circuits, arc suppression 
is not generally necessary since the arc 
will extinguish the first time the current 
passes through zero. However, for high- 
inductance loads, an a-c are is as 
difficult to extinguish as a d-c arc. In 
addition, a-c arc suppression requires 
a non-polarized circuit for suppression. 
Resistor-capacitor arrangements and the 
a-c version of back-to-back diodes are 
not very effective in high-inductance 
a-c circuits. 

Capacitor-Thyrite Combinations. A 
thyrite and a capacitor placed in 
parallel across an inductive a-c load 
(Fig. 5) is an effective means of sup- 
pressing a-c arcing. The thyrite must 
have a large enough power rating to 
operate continuously with the circuit 
closed. When the circuit is opened, the 
voltage across the coil increases and the 


‘‘Fuzz-Button’’ Contacts 


Dry-circuit contact element, composed 
of fine-gage wire in a rolled knitted 
mesh, is formed into cylindrical electri- 
cal contacts which afford contact re- 


<& 

“Fuzz-Button” compressed-wire electrical 
contacts are made in diameters from 42 
to 4% in. Normal contact density is 30 
per cent metal, but flatter and more 
dense buttons have possible application 
as anti-bounce relay contacts because of 
natural mechanical-damping action. 


thyrite resistance decreases, limiting 
the peak discharge voltage of the coil. 
The purpose of the capacitor is to con- 
duct current from the coil in the initial 
opening conditions when the contact 
opening is small and the voltage is not 
sufficient to reduce thyrite resistance. 

As an example of the use of the 
capacitor-thyrite combination, consider 
a 110-volt a-c circuit with a solenoid 
load. Without are suppression, the 
0.065-in. diam palladium contacts were 
almost completely burned off in less 
than 5000 operations. With capacitor- 
thyrite suppression, the same types of 
contacts were only slightly pitted after 
a million operations. 

The characteristics of the thyrite 
must be chosen to suit the supply volt- 
age. However, the same thyrite and 
capacitor will work effectively over a 
wide range of load currents. Figure 6 
shows the voltage-current characteristic 
of a thyrite (diam 11% in.) for use with 
a 0.1 »f capacitor on 110-volt a-c coils. 
With this combination, effective arc 
suppression is obtained for loads vary- 
ing from the coil of a telephone relay 
to the coil of a Size 3 machine-tool 
motor starter. The thyrite and capacitor 
are small, reasonably priced, and easily 
wired into circuits. Ooo 


sistances generally in the order of 5 
to 10 milliohms. Up to 2 amps can be 
carried before the button is overloaded. 
At 2 amps, there will be a 10 to 20 
millivolt drop across the button contact. 

In a typical contact-making device, 
a “fuzz button” is paired with a con- 
ventional solid contact. According to 
the manufacturer, the contact elements 
offer quite reliable service in dry cir- 
cuits because: 


(Continued on next page) 
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1) The extremely small radius of con- 
tact results in high unit pressures with 





low applied force, since wire diameter is 
from 0.001 to 0.003 in. 

2) There is redundancy of contact. 

3) Problems due to foreign particles 
are minimized, as these particles can work 
their way into the interstices of the button 
and still not affect operation. 

The mesh of which the button is 
composed is folded with wires parallel 


Frequency Counter Has Built-In Memory 


Most FREQUENCY COUNTERS have an op- 
erating program which produces an in- 
termittent display. While counts are 
being accumulated by the instrument, 
no information is presented to the op- 
erator. Conversely, while the result is 
displayed, no new information is enter- 
ing the counter. A new frequency coun- 
ter (Type 1130-A) developed by Gen- 
eral Radio Co., West Concord, Mass., 
which holds a 
count and displays it continuously while 
a new count is being accumulated. At 
the end of each counting interval, the 
new count is transferred to the display 
in 100 microsec. The operator has the 


has a storage system 


choice of either a conventional, inter- 
mittent eight-digit display or a four- 
digit continuous display. By proper se- 
interval, the 
four continuously displayed digits can 
he any four consecutive digits of inter- 
est. Other features of the new unit are 
ease of disassembly and maintenance 
and reliability of operation through the 
use of computer-grade tubes and de- 
rating throughout. OOO 


lection of the counting 





(to assure unbroken multiple circuits 
at the point of contact), and then 
compressed. Variations in size and 
shape are shown in the accompanying 
figure. Buttons can be made with gold- 
plated silver-copper alloy, beryllium 
copper, tungsten ard other materials. 

Source: Technical Wire Products, Inc., 
48 Brown Ave., Springfield, N. J. OOO 
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Vibrating Tube Measures Density 


CONTINUOUS MEASUREMENT of fluid 
density by means of a vibrating meas- 
uring tube provides accurate readings 
regardless of rate of flow, viscosity, 


pressure or temperature. 

The measuring tube (Fig. 1), spring- 
suspended and driven by an oscillator, 
continuously samples the fluid passing 





Fig. 1 
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Suspension of “Densitor” element for measuring density of fluids. 


through two flow lines connected to it. 
The tube is caused to vibrate at a re- 
sonant frequency which is proportional 
to density of the fluid within it. 

An electronic frequency meter (Fig. 
2) provides a direct-reading density 
measurement. 


Source: Co-Engineering Co, Box 194, 
Boonton, N. J. O00 





Fig. 2— Complete density-measuring in- 
strument with frequency meter and driver 
at left. Sensing element is at right. 
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Contrary to a common belief shared by many users of 
specialty capacitors for a-c applications, all capacitors 
are not alike. Some brands have not changed in 
design or construction for years. Others make changes 
to keep up with competitive products. Sprague Electric, 
however, constantly improves its designs for maximum 
dependability and minimum cost. 


1. “UNIVERSAL” TERMINAL LUG 


CONNECTIONS 


Single-blade or dual-blade, designed for use with 
“quick-connect” connectors. Also has notches and 
eyes for soldered connections—an important feature 
when “‘quick-connect” connectors are inadvertently 
destroyed by servicemen. Copied and imitated by 
others, universal terminal was originally designed by 
Sprague, is now patented by Sprague, 


2, DOUBLE RIVET CONNECTION 


TERMINAL Pi NOTE WEAK SHOULDER -BENDS 
WHEN STRESS IS APPLIED 
TO TERMINAL 


CONTACT DEPENDENT 
TAB OR UPON COMPRESSION 
LEAD EYELET OF RUBBER 


ORDINARY EYELET 


NOTE METAL-TO-METAL 
“] CONTACT 


~TAB OR LEAD 

SPRAGUE DOUBLE RIVET 
Unique new rivet design for positive metal-to-metal 
contact between rivet and terminal as well as between 
rivet and tab. Unlike ordinary eyelet where weak 
riveted shoulder will bend or break when terminal 
is pulled, as often happens when removing snug-fitting 
“quick-connect” connectors, Sprague rivet prevents 
arcing caused by loosened contact points. Patent 
pending on this unique design. 


For Engineering Bulletins or application assistance on Sprague’s 
complete line of a-c specialty capacitors, write to Technical Litera- 
ture Section, Sprague Electric Company, 307 Marshall Street, 


North Adams, Massachusetts, 


Although the terminal assembly is a relatively small 
part of the entire unit, it has often been the cause of 
capacitor failure. Here, Sprague has developed new, 
improved terminals which eliminate failures of this 
nature, reduce equipment manufacturers’ assembly 
time, and make future servicing easier. Here are some 
of those recent improvements: 


3. DOUBLE-CUP INSULATOR 


< DOUBLE-CUP INSULATOR 

TERMINAL NOTE TERMINAL RECESSED IN 

SPACE PERMITS A \ A INSULATOR 
PAINTING OR 


COMPRESSED 
SILICONE : TAB OR LEAD 
GASKET 6 


KRAFT INSULATOR 


New one-piece molded phenolic cups for increased 
rigidity and prevention of terminal rotation. Unlike 
ordinary single-cup construction, which permits 
accidental twisting of terminals, causing leads inside 
capacitor to “short” or break off, terminals in Sprague’s 
new double-cup insulator cannot turn because of 
square recess in molding which accommodates base 
of terminal. Bottom of insulator has contoured shape 
which permits plating or painting of entire capacitor 
cover, in full compliance with Underwriters’ Labora- 
tories, Inc. requirements for outdoor applications. 
No hidden, unprotected areas, as with ordinary single- 
cup. Patent pending on this assembly. 


4. STURDY STUD TERMINAL 


PHENOLIC 
INSULATOR 


COMPRESSED INSULATOR 


SILICONE 
GASKET TAB OR LEAD 


Pull-proof, welded terminal assembly designed to 
take severe physical abuse. The first reliable stud 
terminal available on a-c specialty capacitors. Although 
superior in performance, new Sprague design actually 
costs less than any other stud-type terminal. Patent 
pending on this assembly. 


SL 


THE MARK OF RELIABILITY 


WORLD’S LARGEST MANUFACTURER OF CAPACITORS 
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Vibration-Testing 
Machines 


Two environmental-laboratory reaction- 
type vibration machines are intended 
for testing of electronic and electro- 
mechanical equipment and _ systems 
(Figs. 1 and 2). These machines pro- 
duce either vertical and/or horizontal 
motion. Each generator consists of two 
counter-rotating shafts to which are 
attached eccentric weights. Orbital mo- 
tion of the weights is resolved into 
straight-line force vectors. 

Direction of vibration may _ be 
changed to allow the test object to be 
vibrated along its three principal axes. 
Amplitude is “%¢- or 4-in. total excur- 
sion over the machine’s frequency 
range, and is adjustable at standstill 
from zero to maximum. Cycling period 
is adjustable from 1 min/cycle to 60 
min/cycle in stepless intervals. Fre- 
quency may be set manually or an 
automatic-cycled frequency range may 
be selected. 

Both machines are capable of testing 
in accordance with MIL-STD-167 and 
MIL-STD-202. 





Fig. 1 — L.A.B. Corp. RVH-72-5000 environmental vibration-test machine, shown here 
with a radar antenna affixed to the 6 x 6 ft table, has an operating range of 5-60 cps. 
It provides accelerations up to 5 g and accommodates loads up to 5000 lb with center 


of gravity up to 42 in. above the table. 


Fig. 2— Second of two L.A.B. reaction- 
type vibration machines in use at Lock- 
heed Electronics environmental labora- 
tory. Model RVH-30-300, here testing r-f 
chokes, accommodates 300-Ib loads on its 
30 x 30 in. table. Frequency range is 
5-100 eps at up to 10 g. The center of 
gravity can be up to 11% in. above 
vibration-table surface. 

»—> 


Source: L. A. B. Corporation, Box 278, 
Skaneateles, N. Y. O00 








Practical Aspects in Evaluating Shielded Rooms 


JAMES C. KLOUDA 

Director of Engineering & Research 
Evite Evecrronic ENGINEERING Co. 
Chicago, Illinois 


Wirth THE electromagnetic frequency 
spectrum more and more 
crowded, electronic engineers are in- 
creasingly called upon to design equip- 
ment that does not cause electromag- 
netic interference. To do this, an 
interference-free environment is essen- 
tial to allow the engineer to conduct 
various tests to evaluate his designs. An 
interference-free environment is brought 
into the laboratory by using a shielded 
enclosure. Often the electronic engineer 
is called upon to specify the type of 
enclosure required. 
Shielded enclosures 
construction and 


becoming 


are of varied 
materials. Various 
parameters have a bearing on the at- 
tenuation afforded by the enclosure. 
Knowledge of them is essential in evalu- 


138 


ation of an enclosure. These parameters 
are: (1) frequency range through which 
the tests will be made; (2) ambient 
levels of interference present and their 
frequency range; (3) possible future 
sources of interference with estimates 
of frequency and intensity; (4) prac- 
tical materials available for shielded 
enclosures; (5) power requirements; 
(6) various signal and metering input 
circuits; and (7) ventilation and light- 
ing requirements. 


Interference Survey 


A radio-interference consultant is ex- 
tremely valuable in determining the 
first three parameters, for he has both 
the equipment and experience for 
providing an intelligent answer. A 
radio-frequency interference survey is 
normally performed at the proposed 
shielded-room site between the frequen- 
cies of 0.014 and 1000 mc. Normal 
sources of radio-frequency interference 


include radio broadcast stations, radio 
beacon signals, ignition interference, 
oscillations from adjacent test equip- 
ment, and any other r-f source which 
can interfere with measurements being 
made on the equipment under test. 
Specific equipment in the plant, such 
as dielectric heaters, induction furnaces, 
transmitting equipment, and _ other 
sources of high-powered r-f interference 
should be energized and the field 
strength measured at the shielded-room 
site. Should any electrical or electronic 
equipment capable of producing r-f 
energy intentionally or unintentionally 
be planned for future installation, esti- 
mates of its interference capabilities 
should be considered. The survey deter- 
mines the minimum attenuation re- 
quired of a shielded enclosure to per- 
mit operation of a low-level r-f test. 
Shielding effectiveness (in decibels) 
is equal to 20 log,, E,/E,, where E, 
and E, are the voltages indicated on a 
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Bateau aa 
MOTORS 
FOR QUALITY, ma 
RUGGED 


DESIGN, 
LONG LIFE 


« INDUSTRY STANDARD—3-1/4” Shaded Pole. 4 Pole—1550 rpn 


to 1/25 hp. For use on fans, ventilators, small blowers, etc. Model f 


L&£EcE-NEVILLE now offers you a complete line of shaded pole and 


SINCE 1909 
permanent split capacitor motors—basic units adapted to your speci- 

F The Leece-Neville Company, Dept. ET-6 
fications, or special motors custom engineered to your requirements Georgia Division, Gainesville, Georgia 


; 2 z Please forward details on your shaded 
—with horsepower ratings from 1/150 to 1/2 hp. All L-N motors are pole and permanent split capacitor 


motors. 
capable of meeting U.L. and C.S.A. application tests. Leece-Neville 


Name iiintimeibinicateetin Se 
has more than 50 years of experience manufacturing motors and other 


Company ___ 
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information, just mail the coupon at right. pet sislpehCMpcE ening. 
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field-intensity meter before and after 
a shielded enclosure has been intro- 
duced between the receiving and trans- 
mitting antenna. Every 20 db of shield- 
ing effectiveness represents a voltage 
ratio decrease of 10:1. 


Construction 

Once a frequency range and attenu- 
ation level are determined, examina- 
tion of the types of construction and 
materials available is next. The three 
popular types of construction (each 
succesive type normally having in- 
creased shielding with a given material) 
follow: 


1. single-layer shielding 
2. cell-type shielding 
3. double-layer insulated shielding. 


Commercial enclosures are generally 
in sections so that they can be 
shipped easily and also moved should 
the occasion arise. Cross sections of 
the three types are shown in Fig. 1. 


made 


Practical Materials 

Materials which sufficient 
effectiveness at various frequencies are 
copper, bronze and galvanized sheet 
iron. Copper and bronze screening are 
available, but a mesh less than 18 x 20 
should not be used and wire diameter 
should be a minimum of 0.011 in. The 
lowest frequencies at which a given 
shielding effectiveness is required nor- 
mally determine the type of material 
to be used. Ferrous materials produce 


provide 





Fig. 2—Results of magnetic-field tests on 
materials for electromagnetic shielding. 
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| TE 


Fig. bitte types of shielded wihiilatiiin used to provide an Sali tins test 


environment: (a) 
insulated shielding. 


more shielding effectiveness at power 
frequencies than do non-ferrous ma- 
terials. Examples of materials having 
high shielding effectiveness at low fre- 
quencies are netic and co-netic ma- 
terials, while galvanized sheet iron has 
medium shielding effectiveness at the 
lower power frequencies. The accom- 
panying table shows shielding effective- 
ness of a given material at a given 
frequency. 

Non-ferrous materials are 
attenuate magnetic 


used to 
fields at higher fre- 
quencies. Here, shielding effectiveness is 
dependent upon material thickness and 
must be related to the frequency.(] )* 

When a given material is decided 
upon, an increase in shielding effective- 
may be had by increasing the 
thickness of the material. However, 
doubling thickness will only increase 
shielding effectiveness by 6 db. To in- 
crease shielding effectiveness and still 
not materially increase thickness of the 
material required, multiple-shielded en- 
closures are used. If, instead of dou- 
bling thickness of the single shield, 
another shield of the same thickness 
as the first is placed around the second, 
with a spacing of approximately 2 in. 
and isolated electrically from the first, 
shielding effectiveness of the room 
should theoretically be increased by 
the same amount as the shielding effec- 
tiveness of the first shield. Distance 
between the two shields and discon- 
tinuities in the shield will decrease 
total shielding effectiveness slightly. 
Magnetic field test results of single 
and double electrically isolated en- 
of copper screening and 3-oz 
copper foil are shown in Fig. 2. Placing 
both layers of this material one on top 
of the other would have resulted in 
only a 6-db increase in shielding effec- 
tiveness. 


ness 


closures 


Power Requirements 


When bringing a-c power into a 
shielded enclosure, a line filter must 
be employed which will allow power 
frequencies to enter but attenuate all 
other undesirable frequencies. Standard 


* Italic numerals in parentheses refer to Cited Refer- 
ences at end of article. 


single-layer shielding; (b) cell-type shielding; 


(ce) double-layer 


Shielding Effectiveness of 
Various Materials 


(Combines both penetration loss and re- 
flected loss. Values obtained by test made 
at 15 kc in a magnetic field.) 








Shielding 

effective- 

Material A (cinghe- layer ) ness, db 
0.032-in. copper 55 
0.003-in. copper 29 
22 x 22 mesh copper 35 
18 x 20 mesh bronze 24 
0.032-in. galvanized iron 64 

{x Y-in. mesh galvanized 

iron 12 

Shielding Outer Inner 





shield shield 





A-<«! 


Section A-A 


Fig. 3—Double-section r-f line filter for 
shielded test enclosure. A small tube is 
connected to each of the filters, as they 
enter the shielded enclosure, to prevent 
radiation from leaking around the filter. 
In the double electrically insulated en- 
closure, the tube prevents multiple con- 
ducting paths which tend to reduce en- 
closure shielding effectiveness. 


commercial line filters are available 
with attenuations on the order of 100 
db. These filters are normally placed 
outside the shielded enclosure. At times, 
100-db attenuation is insufficient to 
remove the unwanted signals from the 
power line. To provide higher attenua- 
tions, a series of filters has been de- 
veloped by Elite Electronic Engineering 
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Are you looking for high-power 

square wave from DC? Here is what 

Honeywell Power Tetrode Transistors 

can give you in an inverter circuit: 

¢ 500 Watts output—higher outputs 
can be achieved by further paralleling. 

* Stable operation at mounting base 
temperature as high as 71° C—by 
using Honeywell Power Tetrodes. 

© 75% or better overall efficiency—the 
result of square-wave operation with 


Sales and service offices in 
all principal cities of the world. 


Honeywell 


JUNE 1961 


SINCE 1866 


A Honeywell Service Featuring 


New Transistor Applications 


switching times of less than Sy sec. 
¢ Short circuit protection—can be short- 
circuited with no inverter damage. 

* Uses the Honeywell-developed two- 
transformer square-wave oscillator 
circuit. 

Power Transistors used are also avail- 

able ina single-ended modified TO-36 

case. For full details, send the coupon 
below to: Honeywell, Dept. EO-6-86, 

Minneapolis 8, Minnesota. 


COMPONENTS 


Ri—20 ohm  Q;-Q,—Honeywell 3N46 or 3N50 
Ro-R;—3.3 ohm C,;—0.5 ufd. 
Re-Ry—0.05 ohm D,&D.—35 amp. rectifiers 
m~—20 ohm @25°C ~—1N1183 or equivalent 
2 3.3 ohm @ 80°C 
T,—%" stack of IDU Orthonic 
N,—250T #26, No&N,—29T #18 
T.—Square core Hypersil “‘C’” #H-14 
N,&N.—15T #12, N;—as required 


Kindly check one or both of the following: 
(CD) Please send me your Application Note ANSA detail- 


verters. 
Fiat wn Couttol 
Address 


Company 


City 
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Company. These line filters are divided 
into two sections. One section is used 
outside the enclosure and the second 
section inside. Each filter section has 
a minimum attenuation of 80 db through 
its effective frequency range. Placing 
both filter sections in series gives a 
theoretical attenuation of 160 db or 
more (Fig. 3). Filters made in this 
manner can be used on single-shield 
enclosures, double-shield enclosures or 
cell-type enclosures. When line filters 
are to be used at frequencies of 400 
cps or more, an investigation should be 
made into the amount of reactive power 
drawn by the filter. Many filters may 
draw more current than the 400-cps 
generator can handle. 


Metering and Input Circuits 


Another shielding discontinuity is 
introduced by insertion of an r-f feed- 
through. An important requirement of 
the feed-through connector is that it 
must allow a specific r-f current, if 
required for testing, to enter or leave 
the shielded enclosure with minimum 
loss. 

The UG-30/U Type N feed-through 
adapter exhibits a nominal impedance 
of 50 ohms and can be used as a feed- 
through connector. This feed-through 
is ideal for single-shield bulkhead 
mounting. When multiple shields are 
used, a special panel must be installed 
to provide a single shield at the point 
of r-f connector entry. In cell-type en- 
closures, this can decrease enclosure 
shielding effectiveness at this point. In 
double electrically insulated enclosures, 
there may be a decrease in attenuation 
because of the single layer plus asso- 
ciated multiple connections between 
inner and outer shields. To alleviate 
this situation, a special r-f feed-through 
connector was designed by Elite to 
maintain isolation between both inner 
and outer shields, and still present a 
nominal impedance of 50 ohms. The 
EL-5100-N Uni-Ground Feed-Through 
enables r-f connectors to be placed in 
any location or in any panel in a 
multi-layer shielded enclosure. Use of 
a ferrite sleeve over the coaxial con- 
ductor also prevents intense external 
high-frequency radiation from entering 
the shielded enclosure. UHF connectors 
or BNC connectors are not recom- 
mended if a minimum VSWR is de- 
sired of the r-f feed-through connector. 
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Ventilation 

Ventilation openings, if improperly 
designed, could cause a serious reduc- 
tion in shielding effectiveness. The 
amount of air entering or leaving the 
enclosure is based upon the amount of 
heat that must be extracted from the 
room due to electronic equipment in 
operation, plus the number of operators 
present during testing. Another ventila- 
tion consideration is the amount of r-f 
attenuation presented by a particular 
opening. Screened openings usually 
have to be extremely large in area to 
permit sufficient air to flow through the 
fine mesh required to prevent r-f leak- 
age. When frequencies above 1000 mc 
need not be attenuated to a high degree, 
a multi-layer opening of 14-in. copper 
mesh is satisfactory. At frequencies 
above 1000 mc, the multi-layer 14-in. 
mesh rapidly decreases in effectiveness. 
A ventilating opening must then be de- 
signed as a waveguide attenuator oper- 
ating below cutoff at its lowest propa- 
gating frequency. In this manner, 
shielding efficiencies of up to 100 db 
can be obtained at frequencies of 10,000 
me. A 14-in. diam tube 1 in. in length 
would have approximately 102-db 
shielding effectiveness at 10,000 mc. A 
1% in. diam tube 214 in. long would 
give approximately 100-db effectiveness 
at 10,000 mc. Openings 1 in. or more 
in diameter would have little or no 
attenuation at 7000 mc.(2) To obtain 
an opening of sufficient size to admit 
the required volume of ventilating air, 
these tubes are placed side by side 
until sufficient air flow is achieved. 


IHlumination 


Lighting requirements can be most 
easily met by using’ incandescent 
sources. This type of lighting normally 
does not produce any interference. How- 
ever, in a large enclosure, the heating 
effect of a sufficient number of lights 
to produce the required illumination 
could cause a heat dissipation problem. 
Fluorescent lamp fixtures are available 
that are both filtered and shielded. 
Unfortunately, these fixtures must be 
considered carefully because the re- 
maining amount of interference present 
may affect test results obtained in the 
shielded enclosure. 


Testing the Enclosure 


After the enclosure has been selected 
and lighting, ventilation and electrical 
power inputs considered, a series of 


Cited References —____ ska 


1. Total shielding effectiveness of a given 
material at a given frequency is pene- 
tration loss plus reflection loss in db. 
For penetration loss (shield effective- 
ness), see Electronic and Radio Engi- 
neering, F. E. Terman, McGraw-Hill 
Book Company, New York, pp 23, 36; 


tests must be performed to determine 
if enclosure attenuation requirements 
are met. These three tests, described 
below, are made with rod, loop and 
tuned-dipole antennae connected to the 
transmitter and receiver in the required 
frequency range. 

Magnetic-field tests are normally per- 
fo.med in the frequency range of 14 
to 200 ke. Tests through this frequency 
range will determine if the bonds are 
under sufficient pressure to obtain. a 
good r-f contact. A good means of com- 
parison for determining whether the 
seams are making electrical contact 
is to perform a magnetic-field test 
in the middle of the panel and then 
test adjacent seams. If a difference of 
more than 1 or 2 db is noted between 
mid-panel and seam readings, a high 
r-f impedance is probably the cause. 
This can be eliminated by tightening 
the seams and making another check. 

Electric-field tests are helpful in de- 
termining if there is inadequate bond- 
ing of the filters to the shielded enclo- 
sure or leakage through the filters 
themselves. Electric-field tests are nor- 
mally made in the frequency range of 
15 to 25 me. 

Plane-wave tests are effective in de- 
termining if attenuation in the fre- 
quency range of 400 to 1000 mc is suf- 
ficient to maintain the shielding effec- 
tiveness of the enclosure. The enclo- 
sure is subjected to a_ high-intensity 
field in this frequency range by means 
of a 45-watt transmitter and tests are 
made inside the enclosure to determine 
if there is adequate attenuation. If in- 
terference is conducted inside the en- 
closure, the power-line inputs should be 
thoroughly investigated. Insufficient de- 
coupling of line filters in multi-layer 
shielding is usually the problem. When 
filtering is placed on one side of the 
enclosure only, as in the conventional 
line filter, interference may be coupled 
back in the power line and re-radiated 
inside the shielded enclosure. With the 
second section of a two-section line fil- 
ter on the inside shield, any interfer- 
ence induced in the line around the 
first filter section is further attenuated, 
permitting more effective use of the 
shielding effectiveness of the enclosure’s 
inner shield. 

With these various aspects of shielded 
enclosures in mind, the design engineer 
is better equipped to specify the type 
of shielded enclosure required for a 
specific application. ooo 


for reflection loss, see Report NADC- 
EL-54129, U. S. Naval Air Development 
Center, Johnsville, Pa., p 15. 


2. “Designing Noise-Free Enclosure Open- 
ings,” Arnold L. Albin, Electronics Buy- 
ers’ Guide, June 1959. 
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EATON 


DYnNA-TORQ 


MAGNETIC-FRICTION CLUTCHES and BRAKES 


The Ideal Solution to Exacting 
Clutching and Braking Problems 


These highly responsive, trouble-free units provide 

accurate control of intricate automatic machinery. 

Operating on 6, 12, 24 or 90 V.D.C., Dyna-torQ 

units may be actuated by micro-switches, photo- 

electric cells, relays or any “ON-OFF” signal to 

perform a wide range of functions in processing 

é PM and fabricating applications. The compact rectifier 


se 9 type control converts AC power to DC power and 

’ may be remotely mounted out of busy machine areas. 

I a Eaton Dyna-torQ Clutches and Brakes are available 
from 13/4,” through 15” in diameter. They may be 

easily and quickly installed on either new or exist- 


ing plant equipment. Exclusive features of design 
and construction mean worthwhile savings. 


HP @ 1800 R. P.M. (Typical Application) 


Dyna-torQ Distributors in many principal 
cities carry Dyna-torQ Clutches and 
Brakes in stock for immediate delivery. 


ACCURATE POWER CONTROL 
DEPENDABLE MOTION CONTROL 
RAPID RESPONSE «+ LOW MAINTENANCE COST 
EASY BUILT-IN INSTALLATION 


WIDE RANGE OF SIZES AND CAPACITIES 
Ask your Dyna-torQ Distributor to demon- 


: strate Dyna-torQ in action and see for yourself 
Send for Illustrated Literature. the many possible applications for Dyna-torQ 


in Motion Control and Power Transmission. 


DYNAMATIC DIVISION 
EA MANUFACTURING COMPANY 
3122 FOURTEENTH AVENUE © KENOSHA, WISCONSIN 
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Fig. 4—Full-wave rectifier with two bleed- 
er resistors. 
>> 


Bleeder-Resistance Considerations in 


Single-Phase Rectifiers 


Cc. K. HOOPER 
{dvisory Engineer 
Electronics Division 
WesTINGHOUSE ELectrit 
Baltimore, Md. 


CORPORATION 


IN RECTIFIER POWER SUPPLIES, particu- 
larly single-phase types using a choke 
input filter, it is often the practice to 
use supplementary load resistors. 

Such “bleeder” resistors are 
principally to improve the voltage regu- 
lation of the power supply or, in a 
few cases, are used to discharge capac- 
as multipliers for d-c volt- 


used 


itors or 
meters. 

A bleeder is effective in improving 
voltage regulation because it provides 
a discharge path for ripple current in 
the filter capacitor during part of each 
cycle. Since ripple current in the capac- 
itor is a-c, if this discharge path is 
not provided, the capacitor will retain 
a charge with corresponding increase 
in voltage at light loads. Figure 1] 
shows the conventional arrangement of 
a bleeder resistor in a single-phase, full- 


A-C input 





Fig. 1—Full-wave rectifier circuit with 
bleeder resistor on load side of choke. 
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Fig. 2—Output voltage curve with and 


without bleeder resistor. 





Fig. 3 


bleeder resistor on input side of choke. 


Full-wave rectifier circuit with 


144 


wave rectifier; Fig. 2 shows the output 
voltage-current relationship both with 
and without the bleeder. 

Bleeder current must be sufficiently 
great to be fully effective. On the other 
hand, if bleeder current is too 
the resistor dissipates excessive energy 
in the form of heat and the sizes of 
filter choke, rectifiers and transformer 
are increased. Thus, there is an opti- 
mum value of bleeder resistance, above 
which it is not completely effective, and 
below which an increase in size of other 
rectifier components is required. 

For the circuit shown in Fig. 1, this 
optimum value is given by the follow- 
ing relationship: 


great. 


R 1.5(Xz) (1) 


where 


R, = optimum value of bleeder resist- 
ance 

Y, = reactance of filter reactor at rip- 
ple frequency 


Then 
X1 Inf L 
where 
f, line frequency 
iL = reactor inductance in henrys 


Note that minimum load resistance may 
form a part or all of bleeder resistance. 

While not as commonly used, the 
bleeder resistor can be connected to the 
input side of the filter reactor, Fig. 3. 
This connection has an advantage in 
that bleeder current does not pass 
through the choke and thus choke size 
can be a minimum. 

However, in order to be as effective 
in improving regulation, the connection 
of Fig. 3 requires a larger bleeder cur- 
rent than that required by Fig. 1. Thus. 
there is more heat dissipated by the 
resistor in Fig. 3 and the additional 
load on the rectifiers and transformer 
is greater. Further, since the bleeder 
resistor is on the unfiltered side of the 
reactor, it is subject to an additional 
a-c ripple component of voltage as well 
as the d-c. 

Taking into account these effects, the 
following relations apply to the bleeder 
resistor as connected in Fig. 3: 


Ry = 57 (x1) =1.18(X,) 2) 


where R;, and X, are as previously de- 
fined. Also 


W, =4(W.) =1.57W.) (3) 
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Fig. 5—Curve used for calculating opti- 


mum resistance value of second bleeder 
(Fig. 4) when first resistance 
value is known. Curve supplies current 
value from which size of resistor may be 
calculated. 


resistor 


where 


Wi; bleeder resistor rating in watts 
when connected per Fig. 3 
connected 


iH bleeder rating when 


per Fig. 1 

Thus it is seen from Eq (3) that the 
heat dissipation in a bleeder resistance 
connected on the input side of the choke 
is 57 per cent greater than that of an 
equally effective bleeder connected ‘on 
the output side of the choke. However. 
this connection is sometimes used when 
the choke is not capable of passing 
required bleeder current. Also, advan- 
tage is sometimes taken of the fact that 
semiconductor diodes exhibit a leakage 
resistance which is the equivalent of a 
bleeder resistance connected in the cur- 
cuit as shown on Fig. 3. 

A further bleeder arrangement is a 
combination of Figs. 1 and 3, in which 
bleeder located on both 
the input and output sides of the filter 
reactor (Fig. 4). With resistors 
acting to discharge the capacitor, there 
is an infinite number of combinations 
which will be effective. However, if one 
of the bleeder-resistor values is known, 
there is a definite relationship between 
it and the other resistor. This relation- 
ship can be presented conveniently as 
a curve, Fig. 5. 

An example of the use of this curve 
is as follows: Assume E, , = 500 volts, 
xX, 3770 ohms, X 66 ohms, /, 

0.05 amp. 


resistors are 


two 


c 


_ (2/3)Ew 
Aa — Xe 


where /,;_. is approximately equal to 


Ia 
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Now-—A High-Performance Potentiometer 


For As Little As $3 


Never before could you find a low price tag on this kind of 
potentiometer performance. Now—for as little as $3 a unit in 
quantity orders—you can buy a single-turn l/ 
rotary that meets the highest standards for computer and indus 
trial control applications 


wirewound 


Weighing in at a scant .05 ounce, the 14” dia. Trimpot® Model 
3367 dissipates 0.5 watt, operates in 105°C heat, 
residual end-setting resistance from 0 to 1.0 It meets require 
ments for steady-state humidity and Mil Specs for sand, dust, 
salt spray and fungus. Designed for convenience, too, it has 


index points that let you check your setting at a glance. 
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NUMBER 15—NEW PRODUCT SERIES 


Reliability well beyond the 
exclusive Bourns Silverweld® 


expected is made possible by the 

termination. Alloyed with multiple 
turns of the resistance wire, Silverweld eliminates vulnerable 
single-wire terminations, is virtually indestructible under thermal 
or mechanical stress. Units are 100 inspected, and subjected 
to the rigid double-check of the Bourns Reliability Assurance 
Program 


Model 3367 is available immediately from factory and distrib 
utor stocks with resistances of 100%) to 20K. Your choice of 
printed circuit pins (spaced for interchangeability with more 
expensive devices) or solder lugs with bushing mount. Write for 
complete data and list of stocking distributors 


; es 2 ‘ ee i P 
Exclusive designers and manufacturers of Trimpot® potentiometers. Pioneers in transducers for position, pressure and acceleration. 
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_ (2/3)(500 volts) _ 





Therefore, 





I. —= 0.09 amp 
(3704 ohms) 0.05 
DESIGN Trends I; 0 - 0.0625 peak current 
< 

I, 0.05 re. 

i : _ = 0.555 . 9 , 

i. 0.09 - E peak (x/2)(Ea-) 

. : I, I; 
From the curve (Fig. 5), 
peak ripple current. Then, the series _ 1.576500 volts) _ 12.600 ohms 
on == 

reactance of L and C = 3770 — 66 = J: _ 9 80 0.0625 ohms 
3704 ohms. f, Ooo 
Microwave Attenuation Measurements Compared 
COMPARISON OF TWO techniques for graph shows the test arrangement for set and read. With the more recent 
measuring microwave attenuation has comparing the two methods of measur- subcarrier method combined with the 


been made by the National Bureau of 
Standards. Both 
veloped by the 
standards laboratory. 

The refined power-attenuation meas- 
urement method* was used as a refer- 


were de- 
circuit 


methods 
microwave 


ence in testing the second technique. 
recent modulated-subcarrier 
Agreement between the two 
techniques, at various levels of attenua- 
tion, is shown in the left-hand column 
of the accompanying table. 
Both attenuation-measurement 
ods use a two-channel waveguide sys- 
tem. The test attenuator is placed in 
one channel which is.common to both 
systems. 


a more 
method.7 


meth- 


This is possible because the 
subcarrier technique requires quite low 
power which may be taken from the 
power-measurement system. via direc- 
tional couplers, without disturbing the 
latter. Thus, environmental effects and 
mismatch errors are eliminated, while 
resetting errors of the rotary-vane at- 
tenuator are The 
Attenuation Measurement,” 


cal News Bulletin, Vol. 43, No. 12, pp 
December 1959 


minimized. photo- 


Techni 
230-231, 


“Ultraprecise 


+ “*A Modulated Subcarrier Technique of Measuring 
Attenuation,”’ G, E. Schafer and R. R. 
Bowman, presented to Commission I Session, URSI 
IRE Spring Meeting, May 2-5, 1960 


Microwave 


Results of Measuring Relative Microwave 
Attenuation Simultaneously by 
Subcarrier and Power-measurement 
Methods 


‘Measurements made at 9.4 kmc.) 


| Difference 
between 
subcarrier 
Dial Measured and d-c 
reading, attenuation, | methods, 
db db | db 
0.01 0.0110 +0.0002 
0.02 0.0214 —0.0002 
0.05 0.0523 —0.0001 
0.10 0.1028 +0.0005 
0.50 0.4978 +0.0001 
1.0 1.0030 —0.0012 
2.0 1.9980 —0.0003 
5.0 4.9890 —0.0011 
10.0 9.9609 +0.0012 
20.0 19.9606 +0.0066 





ing microwave attenuation. 

An outcome of this comparison has 
been a more critical evaluation of the 
accuracy of the trans- 
former used as the standard attenuator. 
Earlier, the refined power-attenuation 
measurement method had indicated that 
achievable 


voltage-ratio 


accuracy of measurements 
do exceed the precision to which present 


variable microwave attenuators can be 


power-attenuation method, this obser- 
vation was substantiated. 

Future variable attenuators will re- 
quire improved gearing and expanded 
scales in order to take full advantage 
of accuracies possible with these two 


microwave attenuation measurement 
methods. 
Source: National Bureau of Standards, 


Washington 25, D.C. O00 


NBS test setup for the combined power-attenuation and modulated-subcarrier methods 
of measuring microwave attenuation. The attenuator (circled at right center and partially 
obscured by supporting frame for waveguide) is located in a channel common to both 


systems. 
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Printed circuits resist 
Walp ANA CWIST sieve 


made of Panelyte® No. 1615—the adhesive-free, stress-relieved, 


copper-clad laminate that only Panelyte has perfected. 


This means it can be etched, fabricated and soldered 





without fear of delamination ... and without losing the close 
mechanical tolerances so essential in memory systems and 
other complex circuits. 

Panelyte No. 1615* has a continuous-filament, fibre-glass 
fabric that’s impregnated with a unique resin formula to assure 
solid bonding between base and copper sheet. It is highly 
translucent to permit positive visual inspection . . . yet possesses 
extremely high mechanical strength and excellent electrical 
properties under both humid and dry conditions. Panelyte 
No. 1615 is also available without copper. 

This is one more example of how Panelyte’s thirty years 
of experience . . . plus its unusually complete facilities . . 
work for you. For more information on Panelyte No. 1615 
or any other Panelyte laminate, see Sweet’s Product 
Design File No. 2b/Pa. Or write Panelyte Division, 

St. Regis Paper Company, N. Enterprise Ave., Trenton, N. J. 


* Fully meets NEMA Grade G-10 Specifications 
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NOW— WESTINGHOUSE " basic wae ncaa two dee 

“BLACK LINE” CONTROL rT standard ratings from .025 
TRANSFORMERS COVER Overnight delivery from standard stocks 
ALL VOLTAGE AND ; r 


Fast factory service on special designs 


FREQUENCY REQUIREMENTS vou can be sure . .. if it’s Westinghouse 









Newly designed — 
Pe smaller, lighter and 
i lower in cost—espe- 

| cially suitable for ma- 
chine tool control and 
other applications 
where mounting 
space is critical and 
'.. NEMA standard reg- 
ulation is required. 












TYPE MTC 


New design with high 
copper-iron ratio, in- 
terleaved windings 
(in ratings above 150 
va)—ideal for appli- 
cations with high in- 
rush currents, opti- 
mum regulation at all. _ 
loads. 
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Aero-Space Electricity 
Conference 


The theme of the 1961 Aero-Space 
Transportation Committee’s Special 
Technical Conference will be “Con- 
cepts and Design in Aero-Space Elec- 
tricity.” Five hundred key scientists 
and engineers of the aero-space elec- 
trical industry are expected to attend 
the conference at the Benjamin Frank- 
lin Hotel in Philadelphia from June 
26-30. 

Technical papers will present such 
subjects as unconventional power gen- 
eration; static devices (exciters, volt- 
age regulators, inverters, 
and relays) ; brushless generators; sup- 
port power equipment; system-checkout 
equipment; constant- 
frequency systems; hydraulic /mechani- 
cal constant-speed drive systems: high- 
temperature environment; reliability: 
design philosophy; radiation problems 
with electric components; distribution- 
system interconnection: and _ aircraft 
and missile structure testing as applied 
to aero-space transportation. 

Reservations for the conference may 
be arranged through J. A. Scarcelli, 
General Electric Co., 3198 Chestnut 
St., Philadelphia. 


converters 


variable-speed, 


NEMA Forms Section to Study 
Unconventional Power 
Generation 


An Unconventional Power Generation 
Section, within the National Electrical 
Manufacturers Association, has been 
organized as a result of a meeting 
January 24 of representatives of 22 
member companies of NEMA. In its 
scope the group will examine the fol- 
lowing power sources: magnetohydro- 
dynamics, fuel cells. thermoelectrics, 
thermionics. batteries. photovoltaics and 
photochemicals. 


Electrical Contacts Seminar 

Practicing engineers, physicists and re- 
search scientists have been invited to 
the annual Electrical Contacts Seminar 
to be held June 11-16 at the Pennsyl- 
vania State University. The purpose of 
the event is to provide current informa- 
tion on static contacts, sliding contacts 
and commutation and arcing contacts, 
preceded by a review of electrical con- 
tact theory and followed by a discussion 
of contact problems with manufacturers 
and users. Topics will include tarnish- 
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ing of metals, contact bounce, mechani- 
cal loading of static contacts, wear and 
noise, film studies, resistance variations 
in sliding contacts, and arcing contacts. 
For further information, contact Con- 
tinuing Education Conference Center, 
Pennsylvania State University, Univer- 
sity Park, Pa. 


Chase Nominated President 
of AIEE 


The nomination of Warren H. Chase, 
Cleveland, to be 1961-62 president of 
the American Institute of Electrical 
Engineers, and the nomination of 10 
vice presidents and four directors were 
announced at the opening of the winter 
general meeting of the institute. Re- 
sults of the election will be announced 
at the summer meeting at Ithaca, N. Y., 
in June. Mr. Chase is vice president of 
the Ohio Bell Telephone Co., and a vice 
president of AIEE. 


Papers Wanted for AIEE 
Position-Digitizer Session 


Papers on subjects related to angle or 
linear-position digitizers are wanted for 
a session being organized by the Data 
Acquisition and Transformation Sub- 
committee for presentation at the fall 
general meeting of the AIEE to be held 
in Detroit October 15-20. Final date 
for submitting transactions papers is 
June 14; for conference papers, August 
11. For further information write to 
M. E. Frank, Box 216, Canoga Park, 
Calif. 


Miniaturization Awards for 
1960 


The 1960 Miniaturization Award was 
presented to the Bulova Watch Com- 
pany, Inc., for its Accutron electronic 
timepiece. Miniature Precision Bear- 
ings, Inc., sponsors the annual com- 
petition, instituted in 1957 to recognize 
the person, company or organization 
making the most significant contribu- 
tion during the year furthering the 
concept of miniaturization. 

Ten certificates of excellence were 
presented for other outstanding achieve- 
ments to Electro-Optical Systems, Inc.. 
electric micromotor; Electrical Auto- 
lite Co., electrohydraulic valve; Gen- 
eral Electric Co., thermionic integrated 
micro-modules; Dr. J. H. Jacobson. 
University of Vermont, microsurgery of 
small body structures, together with 


Ethicon, Inc., surgical suture needle; 
A. W. Haydon Co., a-c timing motor; 
General Electric Co., Compactron vacu- 
um device; Hughes Aircraft Co., thin- 
film digital differential analyzer com- 
puter; International Business Machines 
Corp., 40-bit memory plane; Sandia 
Corp., general contributions; and Vick- 
ers, Inc., sub-miniature vane-pump 
cartridge. 


Standards Engineers Conduct 
Seminar 


\ one-day Engineering Standards Semi- 
nar and selected exhibit will be con- 
ducted by the Standards Engineers 
Society, New York Section. The semi- 
nar will be held June 5 at the Carnegie 
International Building, 345 E. 46 St., 
New York. Subjects relative to engi- 
neering, standards, design, drafting, 
quality, reliability, data systems, test- 
ing and evaluation will be covered. 
Write the Standards Engineers Society, 
170 Livingston St., New Providence, 
Nid. 


Industrial Electronics 
Symposium to Stress 
Supplier-User Cooperation 


Industrial progress through cooperation 
and understanding between electronic- 
equipment suppliers and_ industrial 
users of such equipment will be 
stressed at the 1961 Industrial Elec- 
tronics Symposium. Sponsored jointly 
by the IRE (Professional Group on 
Industrial Electronics), the ATEE and 
the Instrument Society of America, the 
symposium will be held September 
20-21 in the Bradford Hotel, Boston. 
Three technical sessions are planned. 
The first, on measuring techniques for 
industry, will include papers on such 
topics as non-contact measuring tech- 


niques, nondestructive fault testing. 
moisture measurement, and_ infrared 


and chromatography techniques. The 
second session will deal with digital 
and analog techniques in industry, 
stressing actual case histories, three- 
mode controllers and computers. The 
final session will cover new power con- 
version techniques. 

Papers will also cover such topics as 
a novel system for coupling a turbine 
to a variable-speed drive with silicon- 
controlled rectifiers, ultrasonic machin- 
ing techniques, industrial applications 
of thermoelectricity and_ electronic 
sources of industrial heat. 


Standardization of Input and 
Output Devices 


Sub-subcommittees of the ELA’s TR-27.6 
Subcommittee on Input and Output 
Equipment have been reorganized. The 
subcommittee scope covers standardiza- 
tion of information-storage media, lan- 
guage, and the characteristics of equip- 
ment used to “read” into and/or “read” 
out of the media where the media and 
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THERE ARE JOB-ENGINEERED DIFFERENCES IN EVERY CLASS OF 


JGHSSIBX 


There’s a “right-wire” for you in this full 


Essex line. Each one has job engineered dif- 
ferences specifically developed for your appli- 
cations. Selecting the proper Essex magnet 
wire will assure you of greater efficiency... 
with minimum trouble and down time. Some 
of the differences and applications are typified 


in the examples given below. 


aU 
CET 
LOTT 


Formvar east a Crag 


FORMVAR 


Service record unequaled in wire indus- 
try assures years of trouble free service. 
Size range—round wire 4 through 52 single, 
heavy, triple, quadruple. Squares and rec- 
tangles up to 100,000 square mils. 


Applications: Class A motor windings, 
round wire coils of all types, hermetic ap- 
plications when hermetic grade specified, 
shaped wire coils, oil filled transformers. 


NYFORM 


The complete dependability of Formvar 
with a plus factor in windability. Size 
range—round 4 through 44 single, heavy, 
triple, quadruple. 


Applications: High speed motor windings, 
hand tool motor armatures, Class A coils 
and transformers of all types. Particular 
adaptability where overload resistance is 
required. 


SODEREX ° 


Solderable without film removal. Size 
range—10 through 52 single, heavy, triple, 
quadruple. 


Applications: Electronic coils, light duty 
motor and armature windings, transformer 
coils, relays. The correct choice for a pro- 
duct requiring solderability without strip- 
ping in the finer wire sizes. Particularly rec- 
ommended for solderable insulation on 
sizes 28 and finer. 


Nylon 


A) Soderex 


+ | 20,000 hours 


at 105°C 


TEMPFRATIIOR “C (1/ °K) 


ANGE ST THERMAL LIFE 


peessetrtit 


+++} 20,000 hours 
at 105°C 


TEMPERATURE °C (1/°K) 
ANE 57 THERMAL LIFE 


PT EP Er 


* 4) + | 20,000 hours 
\ | at tasre 


TEMPERATURE "C (1/°K) 
ANGE S7 THERMAL LIFE 


etary a | 


FILM COATED 


eras 
ua) 
Thermalex F 


ATT Ur 
a | 
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SODERON ® 


Combines the features of Soderex 
with exceptional windability. Size 
range—4 through 44 single, heavy, 
triple, quadruple. 


Applications: Light duty stator and arm- 
ature windings, transformers, relays, 
coils. Particularly recommended for 27 
and heavier wire where solderability is 
a requirement. 


POLY-THERMALEX/PTX 


A Class F magnet wire at Class A 
prices offering machine windability. 
Size range—4 through 40 single, heavy, 
triple, quadruple. Squares an. ec- 
tangles up to 100,000 square mils. 


Applications: General purposes—mo- 
tors Class A through F, dry type trans- 
formers, relay coils. An excellent re- 
placement for glass fabric wire. 


PLAIN ENAMEL 


Premium wire at a reduced cost for 
coil work. Size range—10 through 52 
single and heavy. 


Applications: Relays, paper section 
coils, power transformers, low voltage 
automotive coils. Will not exhibit re- 
sistance to physical abuse associated 
with synthetic films. 


* E. I. duPont De Nemours & Co.— Type ML Resin. 


For your magnet wire planning contact Essex for instant assistance 
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MAGNET WIRE 


ESSEX WIRE 
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Fort Wayne, Indiana 
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June 5-9—Ninth National Plastics 
Exposition and Society of the Plas- 
tics Industry National Plastics Con- 
ference, Coliseum and Commodore 
Hotel, New York City. 


June 6-8—ISA Summer Instrument- 
Automation Conference and Exhibit, 
Royal York Hotel and Queen Eliza- 
beth Hall, Toronto, Canada. 


June 11-15—ASME Summer An- 
nual Meeting, Statler Hilton Hotel, 
Los Angeles. 


June 11-15 Electrical Contacts 
Seminar, Pennsylvania State Uni- 
versity Campus, University Park, Pa. 


June 12-13—Third National Sym- 
posium on Radio-Frequency Inter- 
lerence (sponsored by IRE), Shera 
ton-Park Hotel, Washington, D.C. 


June 14-15—Fifth National Con 
ference on Product Engineering and 
Production (sponsored by IRE), 
Sheraton Hotel, Philadelphia. 


June 18-23-—Summer General Meet- 
ing, AIEE, Cornell University Cam- 
pus, Ithaca, N. Y. 


June 19-20—Second National Con- 
ference on Broadcast and Television 
Receivers (sponsored by IRE), 
O'Hare Inn, Des Plaines, II. 


Jume 25-30—ASTM Annual Meet- 
ing, Chalfonte-Haddon Hotel, Atlan- 
tik City, N. a 

June 26-27 Fifth Annual Con- 


ference of Vacuum Metallurgy 

American Vacuum 
Society and New York University), 
NYU Heights campus. 


(sponsored by 


June 26-28—American Society of 


Heating, Refrigerating and Air-Con- 


equipments are used to communicate 
with computing and information-proc- 
essing equipments. The sub-subcommit- 
tees are: TR 27.6.1, Cards, Punched, 
Printed and Aperture, and Card Input 
and Output Equipment; TR 27.6.2, 
Tapes Punched and/or Printed and 
Tape Input and Output Equipment; 
TR 27.6.3, Magnetic Tapes and Mag- 
netic Tape Input and Output Equip- 
ment; TR 27.6.4, Document Reading; 
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ditioning Engineers Annual Meeting, 
Hilton Hotel, Denver, Colo. 


June 26-28 — Fifth National Con 
vention on Military Electronics 
(sponsored by IRE), Shoreham Ho 
tel, Washington, D. C. 


June 26-30 — Special Technical 
Conference of AIEE Aero-Space 
Transportation Committee, Benjamin 


Franklin Hotel, Philadelphia. 


June 28-30—Joint Automatic Con- 
trol Conference (sponsored by IRF, 
ISA, ATEE, AIChE, ASME), Uni- 
versity of Colorado campus, Boulder, 
Colo. 


June 29—High Precision 
tors Meeting, Boulder Laboratories 
of NBS, Boulder, Colo. 


Connec 


July 16-22 


Conference on 


Fourth International 
Medical Electronics 
and Fourteenth Conference on Elec 
tronic Techniques in Medicine and 
Biology (sponsored by IFME, 
JECMB, IRE), Waldorf Astoria 
Hotel, New York City. 


Aug. 15-17-1961 
gineering Conference (sponsored by 
University of Michigan), Ann Arbor, 
Mich. 


Cryogenic En 


Aug. 16-18—Second International 
Electronic Circuit Packaging Sym- 
posium (sponsored by University of 
Colorado), Boulder, Colo. 


Aug. 22-25—Western Electronics 
Show and Conference (sponsored by 
WCEMA), Cow Palace, San Fran 


cisco. 


Aug. 23-25—Pacific General Meet 
ing, AIEE, Hotel Utah, Salt Lake 
City, Utah. 


Aug. 28-Sept. 1 International 


Heat-Transfer Conference  (spon- 


Con- 


and TR 


version. 


27.6.5, Analog-Digital 


Electrical Insulation 

Abstracts Due 

Titles and a 100-word abstract of pa- 
pers to be presented at the Conference 
on Electrical Insulation are due by 
August 1, 1961. This information should 
be submitted to Philip J. Franklin, 
chief, Components Laboratory, Dia- 


ASME), 


Colorado campus, Boulder, Colo. 


sored by University of 


Sept. 5-8—Eleventh National Chem 
ical Exposition (sponsored by ACS) 
International Amphitheatre, Chicago. 


Sept. 5-8—Sixteenth National Con- 
ference, Association for Computing 
Machinery, Statler Hilton Hotel, Los 
Angeles. 


Sept. 6-8—1961 Joint Nuclear In- 
strumentation Symposium  (spon- 
sored by AIEE, IRE and ISA), 
North Carolina State College cam- 
pus, Raleigh, N. C. 


Sept. 6-8—National Symposium on 
Space Electronics and Telemetry 
(sponsored by IRE), University of 


New Mexico campus, Albuquerque, 
N. M. 
Sept. 6-13—lInternational Confer- 


ence on Electrical Engineering Edu- 
cation (sponsored by AIEE, ASEE 
and IRE), Sagamore Conference 
Center, Syracuse University, Adiron 


d icks, N. Y. 


Sept. 11-15—-ISA Fall Instrument- 
\utomation Conference and Exhibit 
and ISA Sixteenth Annual Meeting, 


Memorial Sports Arena, Los An- 
geles. 
Sept. 14-15—Symposium on En- 


gineering Writing and Speech (spon- 
sored by IRE), Bellevue-Stratford 
Hotel, Philadelphia. 


Sept. 20-21—Industrial Electronics 


Symposium (sponsored by AIEEF, 
IRE and ISA), Bradford Hotel, 
Boston. 

Sept. 20-23—Program for Ceramic- 


on-Metal Processes (sponsored by 
\merican Ceramic Society), French 
Lick-Sheraton Hotel, French Lick, 
Ind. 


mond Ordnance Fuze Laboratory. 
Washington 25, D. C. 

Sponsored by the National Research 
Council of the National Academy of 
Sciences, the conference will be held 
at Pocono Manor Inn, Pocono Manor, 
Pa., October 23-25. In addition to the 
15-minute solicited technical papers, 
there will be a symposium on Electro- 
lytic Conductance and Fundamental 
Properties of Dielectrics. 
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acre se 


Measure and record D 
current, 0.1 ma to 10 amps 
_without breaking 

a leads, without 

circuit loading! 


New @ 428B Clip-on DC Milliammeter 
with recorder output! 


NX 


a 


Now you can measure and record de current to 10 amps 
without interrupting the circuit and with no circuit 
loading. You simply slip the jaws of the # 428B probe 
around a bare or insulated wire and read dc, even in 
the presence of equally strong ac on the same wire. No 
need to break leads. The 428B reads dc current directly 
in 9 ranges by sensing the magnetic flux induced by dc 
current in the wire. 

To measure current difference between two separate 
wires just clip the probe around them both and.read, 
then reverse one lead and read their sum! For even 
greater sensitivity you simply increase the number of 
lead loops through the probe, increasing sensitivity by 
the same factor as the number of loops. 

The recorder/oscilloscope output, dc to 300 cps, makes 
it easy to record dc levels as well as analyze ground buss, 
hum and ripple currents on an oscilloscope—all without 
circuit loading. 

@ also offers Model 428A Clip-on DC Milliammeter. 
This instrument is similar to @ 428B except that cov- 
erage is limited to 3 ma to 1 ampere (6 ranges), the 
7 output is not included, and price is somewhat 

ower. 


HEWLETT-PACKARD COMPANY 


1066M Page Mill Road Palo Alto, California, U.S.A. 
Cable “HEWPACK” DAvenport 6-7000 
Sales representatives in all principal areas 
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SPECIFICATIONS 
Current Range: # 428A, 3 ma to 1 a full scale in 6 ranges 
® 428B, 1 ma to 10 a full scale in 9 ranges 
Accuracy: + 3%, = 0.1 ma 
Probe Inductance: < 0.5 uh introduced into measured circuit 
Probe Induced Voltage: < 15 mv peak into measured circuit 
AC Rejection: AC with peak value less than full scale affects meter 
accuracy less than 2% at frequencies above 5 cps and different 
from carrier (40 KC) and its harmonics. (On 428B 10 amperes 
range, ac is limited to 4 amperes peak) 
Recorder/Oscillator Output: @ 428B, approximately 1.4 v across 
1,400 ohms full scale. Frequency response dc to 300 cps 
Probe Insulation: 300 v maximum 
Probe Tip: 1," x 9/32”. Aperture diam. 3/16” 
Size: Cabinet, 7/,” x 11,” x 14,”; rack mount, 19” x 7” x 13” 
behind panel 
Weight: Cabinet, 19 Ibs; rack mount, 24 Ibs. 
Price: @ 428A, $500.00 (cabinet); @ 428AR, $505.00 (rack mount) 
4 4288, $550.00 (cabinet); & A28BR, $555.00 (rack mount) 


® 


HEWLETT-PACKARD S.A. 
Rue du Vieux Billard No. 1 Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26. 43. 36 
7058 
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Here you see, at about four- 
fifths actual size, A. P. |.’s 
new and handily compact tem- 
perature control, the Model 
450 Temp-Tendor. It's a natu- 
ral for “built-in” jobs. Measur- 
ing just 4” x 44%” x 5” 
overall, it’s as easy to mount 
as a panel meter, requires no 
more than a meter-sized panel 
space. And it goes for a re- 
markably low OEM price. @ For 
your money you get: a time- 
proportioning control capable 
of maintaining temperature to 
within +1°F. of set-point, 
with built-in t/c length com- 
pensation adjustment, t/c 
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A 
NEW, 
SMALLER 
TEMP. 
CONTROL 
PRICED 
FOR THE 
OEM 
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break protection, fail-safe cir- 
cuitry, instantly adjustable set- 
point, and a number of other 
features usually found only in 
instruments many times Temp- 
Tendor's modest size and cost. 
Available in eight standard 
ranges, from 0-300°F to 0- 
2500°F. Our Data Sheet No. 
24 will give you detailed spec- 
ifications. Drop us a line, and 
we'll put a copy in the mail. 





ASSEMBLY PRODUCTS INC. 
CHESTERLAND 14, OHIO 





SA 2402, 





BOOK Reviews 





Edited by Arnotp E. Rupant, 


Associate Editor 


Foundation for Electric Network 
Theory, M. B. Reed, Prentice-Hall, 
Inc., Englewood Cliffs, N. J. (1961). 


354 pages, $13.00. 
The topology of network systems is 
stressed in this text. A-C and d-c 
theories are merged, with abstract 


linear graphs and matrices as the basis 
of presentation. In this abstract ap- 
proach to network theory, use of only 
algebra and real numbers permits con- 
centration on concepts rather than on 
mathematical complexities. 


International Dictionary of Phys- 
ics and Electronics, edited by 
W. C. Michels et al., D. Van Nostrand 
Co.. Inc., Princeton, N. J. (1961), 
1355 pages, $27.85. (Second edition. ) 

Includes recent developments in ther- 
monuclear research and magnetohydro- 
dynamics, nuclear physics, astrophysics 
and electronics. New definitions of net- 
works. computers and other fields are 
presented, as well as a multilingual 
index. 


Analytical Techniques for Non- 
Linear Control Systems, J. C. 


West. D. Van Nostrand Co., Ine.. 
Princeton, N. J. (1960), 223 pages, 
$5.75. 


Methods are presented for analyzing 
feedback control system behavior when 
non-linear elements dominate the per- 
formance. Emphasis is placed on the 
phase-plane method for studying nat- 
ural behavior of 
Harmonic analysis is studied, as is the 


transient systems. 


use of randomly varying signals as in- 
put test signals. 


Creative Engineering Analysis, 


F. L. Ryder, Prentice-Hall, Ince.. 
Englewood Cliffs. N. J. (1961). 281 
pages, $9.00. 

This book offers help in applying 


particularly mathematical. 
knowledge to the solution of common 


academic. 


engineering problems in’ mechanics, 


strength of materials, and electricity 
and electronics. Meaningful physical 


conclusions from mathematical analysis 
are the aim. 


ABC’s of Computers, A. Lytel, 
Howard W. Sams & Co., Inc., Indi- 
anapolis (1961), 128 $1.95 
(paper). 


pages, 


This is an interesting high-spot review 
for engineers who are not computer 
specialists. tube and 


Circuits, relay 
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PORTER-CABLE depends on 
USG ” BRUSHES for the efficient power 
and endurance of their quality tools... 


Porter-Cable home and shop portable power 
tools are quality built to the highest standards 
in the industry. Contractors and builders, 
home craftsmen and hobbyists have come to 
expect Porter-Cable power tools to give long 
years of dependable, trouble-free service. 


Naturally, Porter-Cable specifies only the best 
components for their products, including 
USG Motor Brushes. 


Vital to power, efficiency and endurance of 
electrically powered units, USG Motor 
Brushes are giving excellent, maintenance- 
free service in thousands of applications in 
fractional H.P. and industrial type motors, 
generators, crane and mill motors, marine 
and transport motors and dynamos. 


The United States Graphite Company manu- 
factures a complete line of motor and genera- 
tor brushes and contacts that include carbon, 
carbon-graphite, electro-graphitic, metal- 
graphite and silver graphite. 


For complete information on USG brushes and contacts, 
write for Catalogs B-56 and the USG grade list. 


B-280-1 


THE UNITED STATES GRAPHITE COMPANY 
DIVISION THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
GRAPHITAR® carson-crapnite © GRAMIX® powpeR METALLURGY © MEXICAN® GRAPHITE ae ¢ USG® srusnes 
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NEW 


sub-fractional h.p. 


WORM DRIVE 


TYPE WGM 


—<—— 


- ~ 
a exceptionally Ba 
efficient / 
aot, 
Gwaat QUIET 
Me” operation 


ne 


a 


A two-pole, shaded pole AC induction motor with totally enclosed die 

cast gear-reducer. Available for 6 to 220 volts, 50 or 60 cycle AC. Gear- 

reducer speeds, 2 to 300 rpm. Output torque up to 50 inch Ibs. at 4 rpm. 
Precision worm drive. Output shafts, 4%”, 4”, 56", 3”. Mounts in any 
position. Ideal for motorized office equipment, revolving displays, vend- 

ing machines, remote TV tuning, etc. Optional: solenoid brake for fast 

stopping; overload thermal protection; varnish impregnated stator; stain- 

less steel or plated shafts. 


We custom-design motors up to 1/40 h.p.; 6 to 220 v., 50 or 60 cycle; 
¥2 to 800 rpm.; torque up to 200 inch Ibs. Special gear-reducers designed 
to your requirements at low cost. Send for details. 


m= Molon Motor & Coil Corp. 


3737 Industrial Avenue © Rolling Meadows, Illinois 
Custom Designers and Manufacturers of Sub-Fractional Horsepower Motors and Gear-Reducers 
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MD pres-SURE-blocks—DESIGNED for 





QUICK Assembly and EASY Changes 


ANY NUMBER OF CIRCUITS — pre- 
assembled lengths of 20-snap fit circuits 
(1-1/8” w. x 63/64” h.). No single 
pieces to handle, pull off or add circuit 
groups as needed. Single snap-on end 
section completes block. 








HAND ASSEMBLED without hardware; 
Quickest to Handle. only 2 parts to handle; use mounting 
screws only every 12 circuits. Channel 
mounting also available; integral or sep- 
arable marking strips. 

LARGER CAPACITY IN LESS SPACE—#22 
thru #8; conservative 750 volt A.LE.E. 
rating eee Choice of contacts (7/16” 
o.c.) for stripped or terminal-ended 
wires (can be combined in single 
block). 

LENGTHEN IN SERVICE without removing | 
mounting screws or losing contact space. | 





USE FEWER CIRCUITS by grouping com- 
mon wires—decrease jumpering; no un- 
used contacts. 


Tubular contacts listed by UL. 
S a Blocks listed for 600 volts by | 
5 CSA. U. S. Pat. No. 2,922,139 


Write for Bulletin M-6. 


SUE Ty 1S PRODUCTS CORPORATION 


Simplest to Mount ond Extend. 


HILLSIDE, NEW JERSEY 
In Canada: ESNA CANADA LIMITED, Toronto 16 
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switching devices and solid-state circuit 
devices are discussed, followed by ex- 
planations of numbers for computers, 
information storage, analog-to-digital 
conversion, and programming. 


Sequential Decoding, J. M. Wozen- 
craft and B. Reiffen, Technology 
Press of Massachusetts Institute of 
Technology and John Wiley & Sons, 
Inc., New York (1961), 74 pages, 
$3.75. 

The authors consider the electrical com- 

munications problem of coding and de- 

coding from a probabilistic point of 
view. The procedure presented is one 
for which the average computational 
complexity grows only algebraically, 
rather than exponentially, with delay. 


Transmission of Information, R. 
M. Fano, Technology Press of 
Massachusetts Institute of Technology 
and John Wiley & Sons, Inc., New 
York (1961), 389 pages, $7.50. 

Foundations and major results of in- 

formation theory are given in this text 

which is primarily for communication 
engineers. The treatment of coding 
theory emphasizes formulations and 
mathematical techniques that have 
proved to be of engineering significance. 


The Hall Effect and Related Phe- 
nomena, E. H. Putley, Butterworth 
Inc. (1960), 263 pages, $9.50. 

This book considers the part played by 
the study of the transport properties in 
research on semiconductors. Discusses 
methods of measuring principal effects, 
their significance in modern concepts 
of solid-state physics, and the behavior 
of typical semiconductors. Emphasis is 
placed on evaluation of experimental 
data. 


Numerical Methods for Science 
and Engineering, R. G. Stanton, 
Prentice-Hall, Inc. (1961), 266 
pages, $9.00. 

An introduction to numerical analysis, 
this book deals with the essentials of 
translating analytical processes into 
numerical results. Methods of problem 
solving and numerical examples are 
included. Computer applications are 
emphasized, with the aim of enabling 
the transition from hand to desk cal- 
culation and on to electronic compu- 
ters. 


Cryogenic Engineering, RK. B. 
Scott, D. Van Nostrand Company, 
Inc. (1959), 368 pages, $5.60. 

Planned for those who are unfamiliar 
with low-temperature techniques, this 
book describes the development and 
improvement of low-temperature pro- 
cesses and equipment; the determina- 
tion of the physical properties of ma- 
terials used to produce, maintain and 
utilize low temperatures; and the ap- 
plications of cryogenic techniques. 
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DN'T BE DONE? 


pee * 


Enlarged 6 Times 


MITE’S 


Vitreous-Enameled 


Resistor 
With Axial Leads 


Lots of people thought this tiny ‘‘l-watter’’ was impossible. But here 
it is. And for the first time in this power rating, circuit designers can 
get all the advantages of a wire-wound, vitreous-enameled resistor 
with axial leads—high temperature operation, up to 350°C; +5% 
tolerance; low temperature coefficient; low “‘noise”’ level; stability; 
and strong, welded construction. 

Construction is the same as Ohmite’s 3, 5, and 10-watt sizes—in- 
cluding ceramic core, uniform winding, tough Ohmite vitreous 
enamel coating, and traditional Okmite reliability. 

Resistance values range from | to 6000 ohms. But you can find 
out all about this exclusive Ohmite development by writing for 
Bulletin 147F. Do it now! 


OHMITE MANUFACTURING 
eeeemen OHMITE 
3613 Howard Street 


NEW 
Skokie, Illinois 1-WATT || 3-WATT [| 5-WATT |] 10-WATT 
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SPRAGUE ELE 
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THESE ARE SPRAGUE’S TWO OUTSTANDING | 
HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 


up To 200°C 


CERAMIC 
INSULATION 


THIN 
SILICONE 
FIUA 





CERAMIC SINGLE-SILICONE 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


CERAMIC SINGLE-TEFLON 


CERAMIC 
INSULATION 


TEFLON TEFLON 
OVERLAY OVERLAY 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 





307 MARSHALL STREET, NORTH ADAMS, MASS 


CTRIC COMPANY 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.*%* * * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SS 


THE MARK OF RELIABILITY 
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Engineering 
Standards 





ASA Standards 


B3.10-1960, Requirements for Instru- 
ment Precision Ball Bearings, $1.50. 

Copies are available from American 
Standards Association, 10 E. 40 St., 
New York 16. 

The Magazine of Standards, Vol. 32, 
No. 3 (March 1961), published by 
ASA, includes the 1961 Catalog of 
American Standards. Index and inter- 
national recommendations are con- 
tained in the catalog. Subscriptions to 
the monthly magazine are available 
from the American Standards Associa- 
tion, Inc. 


NEMA Standards 


1¢ §=63-1961, 
Switches, 35¢. 

Includes symbols which _ illustrate 
contact arrangements. Contains defini- 
tions and suggestions for the proper 
application of industrial limit switches. 


Precision Snap-Acting 


The following four standards for 
round copper magnet wire were pub- 
lished in 1961: 

MW 5, Single, Heavy 
Polyester Coated, 35¢. 

MW 7, Ceramic Silicone Coated, 35¢. 

MW 8, Ceramic Polytetrafluoroethyl- 
ene Coated, 35¢. 

MW 10, Single. Double, Triple and 
Quadruple Polytetrafluoroethylene 
Coated, 35¢. 

Each coating, packaging, 
joint dimensions, tests and retests. ‘ 


VU 1-1961, Vulcanized Fiber, 60¢. 
Describes the forms, colors, weights, 
dimensions, testing, and the physical, 
electrical and chemical properties of 
the following grades of vulcanized 
fiber: commercial, electrical insulation, 
bone, abrasive, bobbin, flexible, her- 
metic, pattern, railroad, shuttle, trunk 
and case, white and white tag. 


240-1961, Test for Flame Resistance 
of Laminated Sheets or Cast Insulating 
Material, 25¢. 

The apparatus, specimens, condition- 
ing and test procedures and calculation 
of results are described in this test 
method for flame resistance. 


and Triple 


covers 


Copies of these standards may be 
ordered from National Electrical Manu- 
facturers Association, 155 E. 44 St.. 


New York 17. 


Posteard return cards are provided at 
end of book as a convenience to the 
reader in obtaining further information 





New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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‘Rotary Solenoid 


BASIC INFORMATION 


The Ledex Method of actuation 
and control gives instantaneous 
high-torque-to-size rotary motion 
and high-thrust-to-size piston mo- 
tion, for reliable remote mechan- 
ical actuation or remote control of 
rotary-type switches. 

The efficient Ledex Rotary Sol- 
enoid is the heart of this method. 
Available in 8 compact sizes, with 
operating voltage from 3 to 300 
V.D.C. Over 240 stock models 
ready for immediate shipment. 
Used in thousands of applications 
including valves, tape recorders, 
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CJ High-torque-to-size rotary motion 


High-thrust-to-size piston motion 
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waveguide switches, sorting equip- 
ment, gyrocaging, computers, wire- 
less teletypes, vending machines, 
typesetters, missile guidance and 
ground support equipment. 

Other Ledex Method products 
are Syncramental Stepping Mo- 
tors, Rotary Stepping and Select- 
ing Switches. Write for Bulletin 
A-1259, mentioning application, 
to Ledex Inc., Dayton 2, Ohio; 
Marsland Engineering, Ltd., 
Kitchener, Ont.; NSF Ltd., 31 Al- 
fred Place, London, Eng. 








Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of ELec- 
TRO-TECHNOLOGY, the board of edi- 
tors determines which editorial arti- 
cles are to be made available to 
readers in reprint form. 

Available reprints of articles in 
this and previous issues are briefed 
here.. Any regular ELectro-TEecn- 
NOLOGY reader qualifies for one copy 
of all single-article reprints, without 
charge. 


The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


1 920—Effects of Corona on Vinyl Electrical 
Tape, June 1961, 6 pages. Results of evalua- 
tion program show that corona resistance of 
vinyl electrical tape depends on electrical 
stress, mechanical elongation, humidity, type 
of electrode and specimen geometry, among 
other factors. Actual test data are given and 
the physical effects of corona on specimens 
are illustrated. These data are important 
owing to increasing use of vinyl under corona 
conditions and previous lack of meaningful 
evaluation. 


(1) 916—Semiconductor Rectifier Character- 
istics, June 1961, 8 pages. Terms used in 
describing rectifier characteristics are de- 
fined. Various ways of measuring and inter- 
preting the forward and reverse characteris- 
tics are discussed. Includes design of circuits 
to be used in testing cells, including load 
tests. Things to look for in analyzing test 
results are pointed out. 


(1 905—Key Problems in Microelectronics, 
June 1961, 6 pages. An objective examina- 
tion, based on a field survey, of the principal 
obstacles that are still hampering full-scale 
production and wide application of micro- 
electronic devices (discrete components, 2-D 
integrated circuits, solid-state circuits, molec- 
ular function blocks). In addition to the fac- 
tors of economics, the discussion takes in 
problems of techniques, reliability, standards 
and relationship between system and device 
engineering. 


(1) 922—Designing Electronic Transformers 
on a Digital Computer, May 1961, 7 pages. 
Demonstration of the iterative procedures 
used to optimize the design of a line of 
single-secondary transformers in the range 
of 4 to 3230 va core rating within limits of 
overall performance. Modifications of the 
computer program for designing rectifier 
plate transformers and linear inductors are 
included. 


(1) 942—Control-System Analysis by Analog 
Simulation, May 1961, 5 pages. Principles 
of analog simulation, based on similarity of 
system equations of mechanical and electri- 
cal systems, are applied to analysis of linear 
and non-linear control systems. Methods of 
building up the analog circuit using basic 
operational amplifier with feedback are given. 
0 943—Simplifying Switching Circuits with 
Boolean Algebra, May 1961, 6 pages. Dis- 
cusses gains to be obtained in reducing 
circuit complexity and number of com- 
ponents through practical use of Boolean 
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which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 
govern are indicated below. Remit- 
tance must accompany all orders. | 
Larger quantities, special quotation. 


' 
i 
' 
' 
Readers should circle those numbers | 
' 


Cost of Single-Subject Reprints 


No. of Number of pages 
Reprints 4-12 16-32 
1 Gratis Gratis 
5 $2.00 $3.75 
10 3.75 6.00 
25 7.50 12.50 


principles and Karnaugh maps. The NAND 
circuit is used as a “universal connective” 
to implement a number of sample circuits. 


[) 953—The Design Analysis of Materials, 
May 1961, 11 pages. Design analysis of ma- 
terials as a prerequisite to specification is 
examined. In the Introduction, various un- 
derlying factors are discussed and the basic 
analytical approach given; in Part J, prin- 
ciples are applied to classes of materials in 
terms of inherent characteristics, effects of 
form and configuration, environmental prob- 
lems and cost vs intrinsic performance value; 
in Part 2, principles are applied to general 
considerations and to external factors, in- 
cluding purity of materials, effects of fabri- 
cation, and influences of research and test 
methods. 


_] 939—Spring Design for Electronic Equip- 
ment, April 1961, 8 pages. Typical applica- 
tions of small compression, extension, tor- 
sion, and flat springs are considered, with 
examples worked out with the aid of estab- 
lished equations and tabular data on ma- 
terials properties. Conservative stress values 
are in line with military reliability norms 


0) 948—How to Make Basic D-C Measure- 
ments—2, April 1961, 11 pages. Following 
the discussion of basic units and precision 
d-c measurements of the May 1960 article (in 
Electrical Manufacturing), the author offers 
details of standardizing methods for resist- 
ance devices: various forms of bridges, 
shunts and volt boxes. Circuits and _ illus- 
trations fully support the text. 


© 914—Machine Tool Electrical 
Standards (NMTBA), June 1960, 18 
pages plus cover. First revision since 
March 1956 of the Electrical Stand- 
ards sponsored by the National Ma- 
chine Tool Builders’ Association. 
Present version proposed September 
1, 1959 and adopted with interim re- 


visions January 25, 1960. (See also 
JIC Electrical Standards for Indus- 
trial Equipment, Reprint 924.) Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5-$3.75; 10-$6.00; 25-$12.50; 


50-$20.00; 100-$30.00. Send check 
with order payable to ELectro-TEcn- 
NOLOGY, 205 E. 42 St., New York 17. 





1) 927—Superconductive Circuits for Com- 
puting Machines, April 1961, 12 pages. Gain 
and time constants of wire-wound and film- 
type cryotrons (operating at temperatures 
approaching absolute zero) are compared. 
Characteristics of cross-filnr types are given 
and their use illustrated as storage cells and 
as logic gates, adders and shift registers. 
Because of their minute size and very low 
power losses, wide use of cross-film cryo- 
trons is foreseen in extremely compact 
digital-computer systems. 


1 923—Stability of Epoxy-Encapsulated 
Magnet-Wire Systems—An Analysis of Com- 
patibility Factors, March 1961, 9 pages. 
Rapid increase in the use of encapsulated 
windings and coils in motors and other ap- 
plications creates a need for studies of the 
compatibility between resin encapsulant and 
magnet-wire insulation. This article reviews 
basic parameters in encapsulated magnet- 
wire system design, describes test methods 
used on compatibility studies, and presents 
summaries and interpretations of test data 
obtained from several major test programs. 


1 917—Quiet Wiring, March 1961, 4 pages 
Explanation of what causes noise due to 
electromagnetic ambient conditions. In most 
cases, noise can be reduced by proper wiring 
procedures. Examples are given. 


0 915—Advances in Magnetism and Mag- 
netic Materials, February 1961, 9 pages. 
A report on current advances in magnetic 
materials and their impact on design 
engineering, from the Sixth Annual Con- 
ference on Magnetism and Magnetic 
Materials co-sponsored by AIEE and AIP. 
Selected papers relating to the design en- 
gineering function are reviewed and in- 
terpreted: theoretical aspects, thin metallic 
films, oxides, high coercive force materials, 
metals and alloys, soft magnetic materials. 
Text supported by charts and graphs. 


0 945—Network Synthesis—Some Notes on 
the Synthesis of RLC Transfer Functions 
and Constant-Resistance All-Pass Lattice 
Networks, February 1961, 2 pages. The 
basic principles of network synthesis, as 
presented in the January 1961 issue Science 
& Engineering article, are applied to the 
synthesis of RLC transfer functions and 
constant-resistance all-pass lattice networks. 


0 946—Reliability through Redundancy and 
Error-Correcting Codes, February 1961, 8 
pages. The problem of reliability assumes 
serious proportions whenever numerous 
hardware components and transmission of 
large amounts of data of an informational 
and control nature are involved. Beyond the 
very definite limits of improving of com- 
ponents, the problem must be attacked by 
use of redundant components and circuits. 
Principles of redundancy in equipment and 
coding in data transmission are discussed 
and examples given. 


(© 913—EFditorial Index to Electro-Tech- 
nology (formerly Electrical Manufacturing) 
for 1960, 24 pages. This yearly subject- 
classified index is completely annotated, in- 
cludes author index, plus separate indices 
for Editorial page, Design Trends, and Re- 
search Notes departments. Also reproduces 
the ELECTRO-TECHNOLOGY Subject Classifica- 
tion and Alphabetical Subject Cross Index 
which form the basis of the index system. 


[) 904—The Technique of Transformer 
Design, January 1961, 8 pages. For power 
transformers, including those for rectifier 
circuits, the details of design from lamina- 
tion selection through thermal aspects are 
presented. Design examples demonstrate the 
methods; dimensional and magnetic data for 
stock laminations are included. 
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© 947—The Postulates of Boolean 
Algebra in the Languages of English 
Words, Mathematics, Logic, Engi- 
neering, Geometrical Diagrams, Cir- 
cuit Diagrams, and Truth Tables, 
April 1960. This 11 x 17 in. wall 
chart (from the April 1960 Science & 
Engineering insert) contains a com- 
pilation of the fundamental laws of 
Boolean algebra: the Laws of Com- 
bination, the Laws of the Unique 
Elements, and the Laws of Negation. 
Tabulation provides an at-a-glance 
“translation” from one symbolism to 
another, also the conversion from 
sums to products (and vice versa). 


0 906—Bessel and Gamma _ Functions, 
January 1961, 12 pages. Basic principles of 
Bessel and gamma functions and applica- 
tions. Bessel’s equation and the Bessel func- 
tion, recurrence relationships, the general- 
ized form of Bessel’s equation, the gamma 
function, solution to Bessel’s equation and 
the Bessel functions of the first and second 
kind, modified Bessel functions and the 
method for deducing recurrence relation- 
ships, or basic identities. 


0 910—Survey of Power Transistors, De- 
cember 1960, 6 pages. Listing of all tran- 
sistors (made by 18 companies) rated for 
max collector current of 1 amp and over. 
Characteristics given include forward current 
transfer ratio and collector breakdown cur- 
rent. Possible applications for each type 
included. 


0 932—Iron-Core Devices: Evaluation of 
Variable Parameters, December 1960, 5 
pages. Circuit “constants,” which are actu- 
ally functions of frequency, current, and 
other circuit conditions, must be evaluated 
by measurement, as departure from con- 
stancy may be to a major degree. Methods 
outlined for measurement of iron-core device 
inductance and resistance and for orderly 
extrapolation of test results for analytical 
use. 


© 909—vVariability in Functional Aging of 
Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages. Tests 
show that commercial grades of Mylar poly- 
ester film age satisfactorily as slot insulation 
in hermetic motor systems. Classical tests 
such as density, viscosity, extractables and 
shrinkage are described, as well as a set of 
functional aging test procedures under simu- 
lated conditions. 


O 912—Analog Computation and Analog 
Machines, November 1960, 10 pages. Analog 
machines measure analogous relationships. 
Continuous computation, principles of oper- 
ation, and various functional components 
are described. A survey of typical machines 
on the market is presented, plus applications 
for the design engineer, the role of the 
analog machine in control systems, and 
hybrid systems. 


1 940—Application of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. Advantages and limitations of the 
new fluidized-bed process for applying elec- 
trical insulation to components and equip- 
ments. The process is explored with respect 
to design engineering and economics. Prac- 
tical applications in new designs are devel- 
oped. 


© 918—Modular Flow Graphs for Network 
Analysis, October 1960, 9 pages. Statement 
of rules for the manipulation of simple flow- 
graph forms, and a definition and descrip- 
tion of basic modules for simple two-port 
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networks. The modular concept is' expanded 
to include flow graphs representing three- 
terminal devices. These are used as modules 
to construct more complex flow graphs. 


0) 930—Analytical Methods for Permanent- 
Magnet Design, Parts 1 and 2, September 
and October 1960, 19 pages. Physics of 
permanent-magnet behavior and _ design 
methods for open-circuit, permanent-magnet 
structures, followed by the more complex 
considerations involved in small air-gap 
magnet designs. The use of electrical network 
analogy methods is explored; examples sup- 
port all the design method discussions. 


903—Practical Graphs and Nomographs, 
September 1960, 12 pages. Description of 
the various kinds of graphs and nomographs 
(with emphasis on the latter) which can be 
used to record and display data. Specific 
instructions for constructing nomographs, 
including pivoted, unevenly spaced, and “N” 
types. 


O 951—Radiation Effects on Electrical In- 
sulation, September 1960, 7 pages. Basic 
parameters of design in relation to the 
nuclear environment are investigated and 
illustrated in respect to the selected mate- 
rials involved. Electrical properties of insu- 
lating materials and changes in these prop- 
erties due to nuclear radiation energies are 
examined. 


O 944—Control System Representa- 
tions, December 1959, 3 pages. A 
chart showing seven basic control- 
system element classifications and 
their various common representations, 
including transfer functions, equiva- 
lent analog computer circuits, Bode 
diagrams, Nyquist diagrams and time 
constants. This chart is now being 
included in the combined reprint of 
the recent series on “Automatic Con- 
trol System Design” (see p 170). 


{] 911—Flat-Conductor Flexible Cables and 
Connectors for Flat-Conductor Flexible 
Cables, August and September 1960, 12 
pages. Part I includes cabling techniques 
and performance of flat-conductor flexible 
cables. Data are given on load-carrying 
capabilities, crosstalk, r-f attenuation, and 
on shielding techniques. Part II discusses 
application techniques and describes pre- 
ferred methods for cable termination and 
connection. 


0 907—Designing Passive and Tunnel- 
Diode Networks, August and September 
1960, 14 pages. The use of modern syn- 
thesis techniques for realizing prescribed 
frequency characteristics by dissipative pas- 
sive networks and by amplifier networks 
containing tunnel diodes is described. Pre- 
distortion and reverse predistortion are ex- 
plained. Examples of uniform and non- 
uniform reverse predistortion are presented. 


[) 901—Function Generators Using the Hall 
Effect, August 1960, 3 pages. The funda- 
mental voltage and geometrical relations of 
the Hall effect are presented. The possibility 
of using the Hall phenomenon for angular 
function generators is investigated, and the 
various potential characteristics of such gen- 
crators considered. 


(1 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 
1960, 4 pages. Practical, usable tables giving 


safe torque values for tightening and testing 
various sizes of steel screws in several differ- 
ent metals and laminated phenolic. 


0 950—Magnetic Amplifier Output Circuits, 
August 1960, 5 pages. A straightforward 
method for comparative evaluation of com- 
plex reversible-half-wave and reversible-full- 
wave magnetic amplifier circuits as building- 
block arrangements of basic half-wave self- 
saturating circuits. Figures of merit are 
given for over 50 output combinations. 


O 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Ex- 
amples 10 and 12 in this article (pages 100, 
101 and 102). 


O 919—Nuclear Radiation Damage to 
Transistors, July 1960, 9 pages. A report on 
the effects of nuclear radiation on n-base 
germanium, p-b: germanium, n-base sili- 
con, and p-base m transistor types tested 
in an environment equivalent to that of a 
nuclear explosion. The mechanism of dam- 
age is explained and data analysis for radia- 
tion damage is given in graphs and charts 


O 902—Critical Criteria for Precision 
Gears, July 1960, 9 pages. In selecting gear 
parameters for application in control sys- 
tems and in data handling (computers), fac- 
tors weighed include tolerances, gear quality 
classes, choice of pressure angle and of 
pitch, minimum number of teeth, and gear 
cutting factors. 


O 931—Relay Field Data Invited for 
Standards Program, July 1960, 7 pages. A 
report on the Eighth National Relay Con- 
ference, with emphasis on the objectives and 
progress of the Relay Testing Committee. 
Five award technical papers are summarized 


O 933—Copper and Copper Alloys—Their 
Properties and Design Applications, April 
1960, 9 pages. Applications of materials to 
design parameters are illustrated and devel- 
oped as related to the design needs of 
electronic equipment and systems. 


O 934 — Distributed - Parameter Networks 
for Microminiaturization, April 1960, 6 
pages. An exploration of possible network 
characteristics obtainable by the method of 
sandwiched layers of conducting, dielectric 
and resistive films. By employing the distrib- 
uted network concept, circuit performance 
unobtainable with lumped-parameter ar- 
rangements can be achieved. 


© 928—Magnetism Research Pushes New 
Engineering Developments (Parts I and 11), 
February and April 1960, 20 pages. Design 
significance of research progress reported at 
the Fifth AIEE Conference on Magnetism 
and Magnetic Materials on: basic phenome- 
na, soft magnetic materials, permanent 
magnets, microwave components, computer 
elements and instrumentation devices. 


O 924—JIC Electrical Standards for 
Industrial Equipment, June 1957, 24 
pages. Revised specifications for ap- 
plication of electrical apparatus to 
machine tool and other industrial 
equipment, as adopted by the Joint 
Industry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 5— 
3.75; 10—$6.00; 25—$12.50; 50— 
$20.00; 100—$30.00. Send check with 
order payable to ELectro-TECHNOL- 
ocy, 205 East 42 St., New York 17. 
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The POWER behind the leading products 
3500 STANDARD 


built-to-order Bodine Motors! 


300 STOCK Bodine Motors! 


FOR office machines, instruments, timing devices, pumps, 
coin-handling equipment, communication equipment, 
therapeutic devices, sound-recording and reproducing 
equipment, machine tools, plus many other applications. 





TYPE N MOTORS: 


Bodine Type N Motors are manufac- 
tured in three basic sizes, with each 
size available in several different 
lengths. The smallest is only 33/,” in 
diameter ...the largest just over 51/,” 
in diameter. Standard ratings range 
from 1/150 to 1/6 horsepower at 
1725 rpm...however, Type N Motors 
can be furnished in other ratings and 
speeds. Windings available: split- 
phase, capacitor, synchronous, shunt, 
compound, universal (series wound, 
including governor controlled). 





TYPE K-2 MOTORS: 


The K-2, which is one of the smallest 
distributed wound motors manufac- 
tured today, is only 23/,” high. Nor- 
mal 60 cycle output ranges from 
1/2000 to 1/500 horsepower on con- 
tinuous duty. Power is substantially 
greater than motors of clock type 
construction. These motors are well 
suited for applications, such as tim- 
ing devices, instruments, and related 
equipment which calls for relatively 
low output, and continuous trouble- 
free service. 





TYPE V-10 MOTORS: 


Supplied with a series winding, the 
V-10 has variable speed character- 
istics, and a full load speed of 5000 
rpm. It has a high starting torque and 
rapid acceleration, and can be oper- 
ated on either DC or AC. This is a 
compact motor and offers generous 
power with light weight and small 
enclosure. Three tapped holes in the 
end shield allow end mounting. Op- 
tional horizontal base mounting re- 
quires a motor frame strap. 


300 Different Stock Type of Motors Available Immediately from Distributors Located in Major Manufacturing Areas 


AND a wide range of special purpose motors 
and modifications 
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Small Speed Reducer 
Motors in over 1600 
standard specifications! 


Motors with built-in speed reducers are used exten 
sively by manufacturers of motor-driven machines, 
who desire a compact, low-speed motor. By combin 
ing the motor and speed reducer in one unit, all 


TORQUES 
1.3 in. oz. to 350 in. Ib. 


SPEEDS 
0.6 to 300 rpm. 


RATIOS 
6:1 to 2880:1 


cumbersome and complicated speed reducer trans 
missions, such as belts, gears, and chains are elim- 
inated. Design and installation time are saved. The 


unit is compact, quiet, and attractive in appearance 


Trouble-free performance is assured 


-— > DB 


Group 1...Speed reducer motors de- 
signed for transmitting low torques over 
a wide range of speeds. Motor diameter 
about 2%” to 3%”. Worm of hardened, 
long-wearing, nitralloy steel cut on motor 
shaft (except for the low powered V-10R 
and NSP-11R). Laminated bakelite pri- 
mary gear. Secondary gear, bronze on 
ratios 180:1 or more; laminated bakelite 
on lower ratios. Ratios—Single Reduction 
Ratios — 6:1 to 30:1 Double Reduction 
Ratios—36:1 to 1120:1. 


Group 4...A double worm-gear reducer 
for transmitting high (up to 219 in. Ibs.) 
torques at low speeds. Motor diameter 
approximately 4%”. Worms are accu- 
rately ground from hardened steel. The 
bakelite primary gear assures quietness; 
the hard bronze secondary gear provides 
long life. Ball bearings used throughout. 
Reduction ratios range from 72:1 to 
2880:1. Any specified mounting position 
may be obtained except gear head over 
motor. 


Group 2...A double worm-gear speed 
reducer designed to deliver moderate 
(up to 52 in. lbs.) torques at low speeds. 
Diameter of motor approximately 3%”. 
Both primary and secondary worms are 
of hardened nitralloy steel. Laminated 
bakelite primary gear. Hard bronze sec- 
ondary gear. Motor shaft has prelubri- 
cated ball bearings. Secondary and 
driveshafts have bronze sleeve bearings, 
grease lubricated. Reduction ratios—60:1 
to 1350:1. 


Group 5...A single reduction, right- 
angle worm-gear reducer, capable of 
transmitting substantial (up to 73 in. Ibs.) 
torques. Motor diameter 4%" to 5%”. 
Separable hardened and ground steel 
worm. Gears of laminated bakelite or 
hard gear bronze, depending on torques 
delivered. Motor shaft has ball bearings, 
grease-lubricated with self-seals. Ratios— 
10:1 to 60:1. 


BODINE 


: yi 
TOCA CLR cE 


MOTORS 


- BODINE ELECTRIC COMPANY 
Chicago 18, Illinois . 


2506 West Bradley Place 
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FREE 


12-page technical 
bulletin 


Additional detailed 
information on the 
more widely used 
Bodine Motors is 

_ contained in newly 


revised bulletin S-2. 


Copies available 
on request. 


Circle 167 on Inquiry Card 


Group 3...A single reduction 

angle worm-gear reducer, designed ry 
transmitting moderate (up to 21 in. Ibs.) 
torques. Diameter of motor approximately 
3%" to 4%”. Separable hardened and 
ground steel worm. Laminated bakelite 
gear on steel hub. Motor shaft has ball 
bearings with built-in grease seals. Ratios 
—10:1 to 60:1. Motor Mounting—Any posi- 
tion except with gear housing above 
motor. 


Group 7...Extra rugged reducer for 
driving heavy (up to 198 in. Ibs.) loads 
continuously with ample reserve for over- 
loads. Loads are carried on ball bearings. 
All forces directly transmitted to the 
motor feet. Separable steel worms are 
hardened and ground. Gear is of bronze. 
Ratios—8:1 to 48:1. Motor may be as- 
sembled to mount in any position except 
gear head over motor. 


K-2 Speed reducer motor designed for 
continuous duty applications requiring 
sturdy construction and exceptional re- 
liability. Small, rugged. Available with 
built-in spur or helical gearing. Syn- 
chronous or nonsynchronous. Distributed 
windings are used for highest efficiency. 
Speeds 300 rpm. to 0.7 rpm. Torque 1.3 
to 120 inch ounces. Frame-die cast zinc 
except for the steel laminations. Ball bear- 
ings are standard. Ratios—6:1 to 1800:1. 
Capacitor is included with each motor. 








Science & Engineering Reprints 





Reprints of special Science and Engi- 
neering articles or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
on facing page. Orders must be ac- 
companied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 
delivery. Make checks payable to Exec- 
TRO-TECHNOLOGY. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


Reprint Title 5 25 
All regular $1.00 reprints $.90 $.75 
Electrical Insulation—1960 1.80 1.60 
Automatic Control Systems 2.00 _ 
Boolean Algebra 1.80 1.60 
Semiconductor Electronics 1.80 1.60 
The Forum 1.80 1.60 


One-Year S & E Subscription 
Now Available 


O For readers desiring to receive a 
reprint copy of each monthly Science 
& Engineering feature as it appears, 
an annual subscription is now avail- 
able. Subscription fee for one year 


(covering 12 monthly S & E articles) 
is $6.00. Annual subscriptions will be 
processed to start with the current 
month’s feature. (Special compen- 
diums which are not a part of the 
S & E series are not included in this 
offer.) $6.00 


() Vector Analysis, June 1961, 20 pages 
The powerful methods of vector analysis 
are fully developed on the basis of mathe- 
matically exact conceptions of vector and 
scalar functions and fields. The true nature 
and significance of various coordinate sys- 
tems and the usefulness of transformations, 
the application of matrix and efficient nota- 
tion systems are demonstrated. Physical ex- 
amples illustrate the methods. Primary vec- 
tor laws such as those of Gauss and Stokes 
are projected for more profound views of 
Kirchhoff's laws and Maxwell's equations. 

$1.00 


€) Engineering Psychology and Human Fac- 
tors in Design, May 1961, 24 pages. Engi- 
neering psychology is treated as a primary 
experimental research arm of human-factors 
engineering. The relation of man-machine- 
environment interactions to equipment and 
systems design for optimum performance is 
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examined in the following fundamental areas: 
The Systems Approach, Methodology in 
Engineering Psychology, Information Sensing 
and Processing, Factors in Decision Making, 
Man and the Control Process, Human 
Vigilance, Human Skills as Systems Con- 
siderations, Environmental Stress, and Hu- 
man Interactions. $1.00 


(© Casting Resins and Application 
Techniques for Embedment, Encap- 
sulation, and Impregnation, 44 pages. 
A compendium of seven articles on 
the above subject published in these 
pages during the period 1958-61. Ar- 
ticles deal with various aspects of the 
subject, and are particularly con- 
cerned with problem areas such as in- 
sulation systems compatibility and 
thermal conductivity. A bibliography 
of articles on the overall subject of 
electrical insulation and dielectrics 
published in 1959 and 1960 is includ- 
ed. $1.00 


1 Quantum Electronics, Apri] 1961, 12 
pages. An introduction to the theory of 
quantum mechanics written for the elec- 
trical engineer concerned with its applica- 
tion to solid-state devices such as semicon- 
ductors. Includes Planck’s radiation theory, 
the concept of the Bohr atom and de Brog- 
lie’s hypothesis of the wave-particle duality 
of the electron. The wave equation is re- 
lated to the Schrédinger equation. Among 
other aspects considered are: observables and 
operators, eigen functions and values, the 
indeterminacy principle. $1.00 


0 Probability, Statistics and The Theory 
of Games, March 1961, 24 pages. Basic pat- 
terns, laws and mathematical models re- 
volving around the theory of probability 
fundamental to any field of application: per- 
mutations and combinations, probability of 
events occuring in a sample space, distribu 
tions, random variables, the Law of Large 
Numbers, averaging, estimation, random 
processes, correlation theory, spectral analy- 
ses, the Gaussian process, construction of 
tests, games theory. $1.00 


O Fundamental Nature of Electrical Break- 
down, February 1961, 20 pages. The 
phenomenon of electrical breakdown is ex- 
amined in its various aspects, beginning with 
classical theories of mechanisms of break- 
down and concluding with consideration of 


O Semiconductor Electronics, 44 


pages plus cover. A complete refer- 
ence work for the engineer interested 
in the theory of operation of semi- 
conductor diodes and transistors and 
in the design of circuits involving such 
devices. Beginning with a discussion of 


solid-state physics, this series of six 
articles proceeds to a detailed de- 
scription of junction diodes and trans- 
istors, their construction, and their 
working characteristics. Procedures for 
the analysis of transistor networks 
and the design of amplifier and switch- 
ing circuits are given. $2.00 








the influence on breakdown of the nature 
of the dielectric (primarily electron behavior 
and molecular structure). Practical design 
implications are drawn from theoretical dis- 
cussion; physical illustrations and analogies 
are used, in addition to mathematical deri- 
vations. Basic concepts discussed are drawn 
from phenomena of breakdown in gases— 
applicable to explanation of breakdown in 
liquids and solids. $1.00 


© Introduction to Network Synthesis, Janu- 
ary 1961, 20 pages. Basic characteristics of 
network synthesis are presented and syn- 
thesis for optimum results and exact solu- 
tions is demonstrated. Frequency-domain 
synthesis of passive lumped-constant net- 
works is stressed. Includes synthesis of 
simple driving-point functions by recogni- 
tion, realizability conditions of network func- 
tions, approximation of a given curve by 
an appropriate rational function, related 
problems. $1.00 


© Electrical Insulation Deterioration, De- 
cember 1960, 8 pages. Nature of thermally 
accelerated deterioration of electrical insula- 
tion (and other organic materials, such as 
plastics) discussed from viewpoint of prac- 
tical design engineering parameters. Among 
other aspects, relationship between deterio- 
ration process and equipment and systems 
reliability is analyzed. $1.00 


Special Combination Offer 


© Electrical Insulation — 1960, De- 
cember 1960, 52 pages, special Re- 
search and Application Report. Con- 
tains three major articles: Dynamic 
Mechanical Properties of Plastics 
Dielectric Materials, Advances in 
Flexible and Semi-Rigid Electrical 
Insulating Materials, and Research 
Progress in Dielectrics—1960. Plus: 
other articles on ultrathin films, ca- 
pacitor dielectrics, European applica- 
tion practice, international standards, 
insulation application problems and 
trends. Offered in combination with 
regular December 1960 Science & 
Engineering article, Electrical Insula- 
tion Deterioration. $2.00 


0 Electrical Noise, November 1960, 20 
pages. Major types and origins of electrical 
noise, and the effects of noise on system 
behavior. Examples given of techniques for 
evaluating system performance in terms of 
noise sensitivity and reduction. Emphasis on 
concept of noise as a random process, as 
distinguished from systematic or periodic 
interference. $1.00 


0 Number—The Language of Engineering, 
October 1960, 16 pages. The theory of num- 
bers is concerned with the properties of 
integers and is used by the engineer for a 
wide range of problems, such as: the use 
of the sawtooth function to synthesize all 
types of discontinuous waveforms, the repre- 
sentation of an integer as a sum of squares, 
etc. $1.00 


0 The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study of 
the causes, mechanics and chemistry of cor- 
rosion. Methods for prevention are outlined. 
Design considerations and types of materials 
and treatments are interpolated for control 
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of specific types of corrosion encountered in 
engineering design. $1.00 


O) Microwaves—Principles and Devices, Au- 
gust 1960, 24 pages. Basic laws and equa- 
tions of electric and magnetic fields. Propa- 
gation of microwaves in various media, in- 
cluding two-conductor, round and square 
waveguides. Principles are applied to the de- 
sign and use of the slotted line, the dummy 
load, rotary joints, and preselectors. $1.00 


© Basic Differential Equations, July 1960, 
20 pages. First-order differential equations 
(method of separation of variables, the inte- 
grating factor, homogeneity), higher-order 
differential equations (the differential oper- 
ator, non-homogeneous equation, Picard’s 
method, solution of equations with variable 
coefficients by power series). Application to 
basic mass-spring-damper system through- 
out, with examples. $1.00 


© Electrical Analogs for Mechanical Sys- 
tems, June 1960, 20 pages. System para- 
meters of dynamic states of mechanical 
systems are translated into electrical net- 
work equivalents. Reasoning behind the 
analog approach and the various analog 
forms. Included are discussions of the prin- 
ciple of duality of analog, reasons for choos- 
ing a circuit or its dual for a particular 
analysis, and the use of. distributed-para- 
meter networks (long lines) to simulate 
certain mechanical elements. $1.00 


ORDER FORM 


No. of 
copies 
Vector Analysis : 


Casting Resins and Application Techniques 


Human Factors in Design . 


() Introduction to Molecular Engineering, 
May 1960, 20 pages. An examination of the 
concept, principles and techniques of mo- 
lecular engineering in terms of its ultimate 
use in the design of equipment and systems. 
Part I defines molecular engineering as the 
application of molecular behavior to the de- 
sign of materials and devices of prescribed 
characteristics. Part II examines the ele- 
ments of the classical macroscopic approach 
to the behavior of materials as well as the 
microscopic or molecular approach. Part III 
provides extended examples of molecular 
engineering in the areas of electrical insula- 
tion, microwave amplifiers, thin-film devices 
and microminiature electronics function 
blocks. $1.00 


O Logic—and Switching Circuits, April 
1960, 36 pages. The fundamental principles 
of logical reasoning, contained in Aristotle’s 
syllogism, developed into the Boolean alge- 
bra and the logistics of the Principia Mathe- 
matica, and applied in circuit design and 
computer programming, are developed. The 
basic postulates are tabulated in their verbal, 
algebraic, diagrammatic, and circuit-schem- 
atic form. The article deals with methods 
applied to solve the problems of circuit 
synthesis and the fundamental ideas which 
can be applied to the design of the most 
complex circuitry. $1.00 


O Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. Basic 


Electro-Technology 


Formerly Electrical Manufacturing 


No. of 
copies 


Determinants and Matrices 


principles of radiation and detection (includ- 
ing Wien’s Law, Rayleigh-Jeans Law) are 
explained. Effect of infrared on metals, ionic 
crystals, and semiconductors. Various types 
of sources, windows, prisms, detectors, and 
spectrographs are discussed qualitatively. 
Also includes theory of use of infrared in 
practical applications. $1.00 


C) Ring Binder for Science & Engi- 
neering Reprints. Readers who want 
to keep their reprint copies of the 
monthly Science and Engineering fea- 
ture both safe and handy will want 
this maroon-colored binder made of 
flexible, Morocco-grained leatherette 
stamped in gold. The standard 1%-in. 
rings will accommodate about twenty 
S & E reprints. $2.50 


© Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as devel- 
oped by Seebeck, Peltier and Thompson 
(Kelvin) are brought up to date in the light 
of new semiconductor thermopile com- 
pounds. Thermoelectricity is discussed from 
tree-electron and thermodynamic points of 
view. Four basic applications of thermo- 
electric phenomena are considered: power 
generation, heating, cooling, and temperature 
sensing. $1.00 
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4 ways to use 


General Electric Glow Lamps 
as Circuit Components 


G-E G-E 
NE-96 NE-97 
fA j 





GE GE 
NE-76 NE-81 


GE GE 
NE-68 NE-80 





1. As a MEMORY DEVICE, because 
of the differential between starting and 
operating voltages. Both the General 
Electric NE-96 and NE-97 are well suited 
for switching circuits and counters where 
they can function as transfer elements and 
as indicators of state or sequence. 


2. As a VOLTAGE INDICATOR, 
because of their critical starting voltage. 
The G-E NE-76 and the NE-81 are stabi- 
lized and selected for close tolerance on 
starting voltage. Both find use in gating 
circuits, logic matrices, switching circuits 
or as an indicator of input or output levels. 


3. As a VOLTAGE REGULATOR, 
because of their constant operating voltage 
range. The General Electric NE-68 and 
its “first cousin”, the G-E NE-80 (closer 
tolerance), function effectively wherever 
voltage regulation is required. (Glow 
Lamps for higher current applications are 
also available.) 


4. As a TRIGGERED SWITCH. 
A low current signal applied to the trigger 
(third electrode) starts this lamp, per- 
mitting conductance of peak current surges 
up to 100 m.a. in the power circuit. It can 
be used in counting circuits or as a control 
device with photocells, thermostats or 
moisture sensors in trigger circuit. 


+ 
PULSE 
— 
G-E Glow Lamp used in 
Memory Circuit 


‘ 


G-E Glow Lamps as 
Multiple Voltage Indicators 





G-E Glow Lamp used as a 
Voltage Regulator 


PULSE 


G-E NE-77 ina Trigger Circuit 


For more information, write for: Specification Sheet #3-092 ““G-E Glow 
Lamps for Circuit Component Use’’. General Electric Co., Miniature Lamp 
Dept. M-126, Nela Park, Cleveland 12, Ohio. 


166 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


Circle 168 on Inquiry Card 


Science & Engineering 





Reprints 


(Continued from previous page) 


© Network Analysis, January 1960, 28 
pages plus cover. A discussion of present- 
day practices in network engineering and 
their theoretical background. Network the- 
ory as a coherent in unified study is 
stressed, as contrasted with the less power- 
ful and less useful traditional approach to 
circuits which involve isolated and unrelated 
“methods” of analysis. $1.00 


© Determinants and Matrices, December 
1959, 20 pages plus cover. The principles 
treated apply to all problems involving 
numerous mathematical statements. In- 
cluded are specific rules for the use of 
determinants for solving systems of simul- 
taneous equations, including refinements of 
the basic procedures to apply to higher- 
order systems, and the underlying principles 
of matrix algebra. Examples demonstrate 
the time- and error-saving advantages of 
these two forms of mathematical short- 
hand. $1.00 


() Sampled-Data Systems, November 1959, 
20 pages plus cover. An introduction to the 
analysis of closed-loop control systems in 
which the input or error signal is periodi- 
cally sampled (rather than continuously 
connected) as by a sampling switch. Pre- 
sents impulse-response, frequency-response, 
p-transform and z-transform methods. Shows 
how to plot Nyquist, Bode and root locus 
diagrams with z transforms. Use of the nor- 
malized sT plane for analyzing sampling 
adequacy, “pseudo-sampling” for determin- 
ing between-sample response and the use of 
the z transform for table-generating func- 
tion. $1.00 


© Low-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus cover. 
Basic quantum mechanical principles under- 
lying the operation of paramagnetic MASER 
amplifiers (including ammonia gas, two- 
level solid state, three-level solid state and 
optically pumped devices) and parametric 
MAVAR amplifiers (both semiconductor and 
ferromagnetic types) plus a brief introduc- 
tion to the tunnel-diode amplifier. $1.00 


© Digital Methods in Measurement and 
Control, September 1959, 20 pages plus 
cover. Covers: (1) characteristics and ad- 
vantages of the digital approach; (2) basic 
principles of coding, sampling and quantiz- 
ing; (3) digital components and techniques 
for logic and information storage; (4) dig- 
ital measurement devices; (5) digital con- 
trol actuators. $1.00 


© The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The fun- 
damental science of polymeric materials is 
related to design engineering properties of 
plastics. Discussion covers: the molecular 
formation of polymers; the chemistry of ad- 
dition and condensation polymers; the theo- 
retical basis for mechanical, electrical and 
chemical properties of polymers. $1.00 


© The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages 
plus cover. Contents include discussions of 
the following: Electrostatics; Electric Fields 
in Free Space; Electric Induction; Capaci- 
tance; Mechanical Considerations; Field Ef- 
fects in Devices. $1.00 


© The Fundamental Nature of Shock and 
Vibration: Theory, Character, and Mecha- 
nism of Damage, Principles of Testing, June 
1959, 20 pages plus cover. The major types 
of vibration are discussed (periodic, random, 
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Lowest Cost 

Rugged Construction 
tlie ioe maleate 
Interchangeable 


Wide Selection of 
7000 and 9000 Series Ue 
Te emt 6000 and 8000 Series 


Operating Voltages 


THOMAS A. 


EDISON 


MINIATURE TIME DELAY RELAYS 
FOR MISSILES 
AND JET AIRCRAFT 


Here’s an opportunity to lower costs and at the same time improve the performance of your electronic prod- 
ucts or equipment by using Edison Model 250 Miniature Time Delay Relays. An exceptionally rigid internal 
construction permits this relay to withstand vibration to 1500 cps for jet aircraft and missile applications 
while providing highly reliable performance. Since the operating structure of the relay is independent of the 
outer shell, damage or deformation of the latter does not affect the timing. The fast rate of contact closure 
insures positive contact operation under the most severe environmental conditions. m These permanently 
calibrated and hermetically sealed relays are available in a wide range of time delays and operating voltages to 
meet your particular application requirements. gy Whether you need time delay relays for tube protection, 
gyro-erection or for other purposes, you will get better performance at lowest cost with Edison relays. Write 
for Bulletin 3046 showing timing ranges and operating performance or send your special requirements to: 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 


40 LAKESIDE AVENUE, WEST ORANGE, N.J. 
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for space age performance reliability 


MYSTIK BRAND 


7503 Teflon, Silicone Tape 


@ Here's the silicone pressure-sensitive tape you’ve been look- 
ing for! Backed with tough Teflon film (Du Pont's polytetraflu- 
orethylene), No. 7503 tape measures a thin .006” and provides 
excellent maneuverability in tight spaces. The silicone adhesive 
grips like a bulldog whether the temperature is —100°F. or 
+500°F. And No. 7503 tape offers an unusually high dielectric 
strength of 7,500 volts A.C. This Teflon tape is virtually imper- 
vious to liquid oxygen, acids, abrasion, water, solvents and aging 
...and is completely reliable under the exacting conditions found 
in missile and space age electronic applications. Write today for 
the vital facts about Mystik No. 7503 pressure-sensitive Tefion, 


Silicone Tape. 


Mystik Teflon Tape is available in a range of thicknesses. 


MYSTIK ADHESIVE PRODUCTS, INC. 
2635 N. KILDARE AVENUE + CHICAGO 39 
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structural and airborne); also the major 
types of shock (velocity, simple impulse, 
single complex and multiple). A section is 
devoted to the effects of shock and vibration 
on missile electronic components. Types of 
damage are analyzed; principles of testing 
given; specifications summarized. $1.00 


O Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic principles of 
metallurgy and structural characteristics of 
metals are related to design concepts. The 
effects of environment and mechanisms of 
damage are illustrated. Iron and steel, alu- 
minum, precious and rare metals, copper, 
nickel and magnesium are presented in their 
basic design relationships to fundamental 
properties. $1.00 


O Heat Flow Theory. April 1959, 20 pages. 
Basic equations for conduction, convection 
and radiation are derived. Dimensional anal- 
ysis used to establish the parameters and the 
various “numbers” (Reynolds, Prandtl, Nus- 
selt, Graetz, etc.) involved in convection 
expressions. Examples chosen from elec- 
trical and electronic (transistor) applica- 
tions. $1.00 


O Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the 
study of magnetism, derived from modern 
solid-state physics. Includes: Origins of 
Ferromagnetism, Internal Structure of Fer- 
romagnetic Materials; Magnetization Curves; 
Time Effects in Soft Magnetic Materials: 
Effects of Atomic Ordering in Alloys; Inter- 
actions for Heterogeneous Systems. $1.00 


© Using Fourier Analysis in Design, Feb- 
ruary 1959, 16 pages. A thorough theoretical 
background on Fourier analysis is presented 
plus a discussion of the areas of application 
with specific examples to point up particular 
problems often encountered. Permits system 
devices to be designed or selected for a par- 
ticular transient performance on basis of 
steady-state sinusoidal action. $1.00 


—__ COMPENDIUMS. 


(] The Forum: Computing Machines in Con- 
trol Systems, 44 pages. A compendium of the 
following articles: “Computing Machines in 
Control Systems—Blocks to Communication 
and Basic Principles” (December 1960); 
“Analysis of Numerical Control Systems,” a 
functional description of 36 representative 
numerical control systems displayed at the 
Chicago Machine Tool Exposition—1960 
(November 1960); “Machine Tool Control— 
Principles of Data Processing in Numerical 
Control of Machine Tools,” plus a panel dis- 
cussion of the subject by experts from the 
various disciplines involved in the synthesis 
and use of machine-tool control systems 
(March 1961). Includes also a comprehensive 
one-page Bibliography. $2.00 


) Digital Computing Machines, October 
1960, 24 pages. The fundamental functional 
components of digital computing machines 
Glossary of terminology. Tabulation of 
special world-wide survey of digital comput- 
ing machines presents essential characteristics 
of digital computing machines in production 
and in advanced stages of development 
Principles of operation and applications for 
design engineers. $1.00 


© Transformer Materials for Extreme En- 
vironments, March, April, May and June 
1960, 28 pages. A series of four articles in 
terpreting research and development on 
small transformers designed to operate under 
extreme environments of 500 C_ tempera- 
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At Lamb Electric...Engineers with FHP motor 
“know-how’ solve intricate design problems 


At Lamb? every fractional horsepower motor design problem 
is special. Because the problems are special, Lamb engineers 
funnel their years of ‘““know-how” into each intricate project. 
The result: unusual benefits for you. 


Fractional horsepower motors from Lamb incorporate the 
best possible design, flexibility, and production economy. 


If you have a special motor problem... here’s what you can 
expect from Lamb. Into the design goes years of experience 
in power components for aircraft, domestic and industrial 
products. Out of the design comes a personalized motor that’s 
dependable, smooth and efficient. 


Cost-wise, you’re way ahead, because Lamb Motors are 
mass-produced at the most favorable cost. 


Write today for descriptive folder. Or ask to have a District 


Engineer call and set up a personalized “‘Motor Conference”’. 


THE LAMB ELECTRIC COMPANY : Kent. Ohio 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric— Division of Sangamo Company, Ltd. 
Leaside, Ontario 


mb Electhic 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER MOTORS 


Divisions of American Machine and Metals, Inc., New York 7, New York TROY LAUNDRY MACHINERY 
RIEHLE TESTING MACHINES « DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS * FILTRATION ENGINEERS * FILTRATION FABRICS 
NIAGARA FILTERS * UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. * HUNTER SPRING CO. * GLASER-STEERS CORP 








TAKE A 
CLOSE LOOK 
AT WELDMATIC 
BONDING 


SOLDERED JOINT 





Weldmatic Bonding takes the guesswork out of production 
reliability. With the complete metal fusion that results from 
Weldmatic impulse bonding, mechanical strength stays—and 
electrical juncture conductivity cannot change. The 50X 
microphotos above tell the story. Both cross-sections show 
0.042” tinned copper wire resistor leads crossed at right angles. 
UNITEK 
WELDMATIC 
DIVISION 


For detailed information and prices, plus weld 
evaluation report on your application, write 
950 Royal Oaks Drive / Monrovia, California. 
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ture and nuclear radiation. Work carried 
out under Air Force and Bureau of Ships 
contracts presents data on: electrical insula- 
tion materials, magnet wire (both wire and 
insulation), magnetic core materials, and 
transformer structural materials. $1.00 


[] Automatic Control System Design, 64 
pages plus cover. A practical textbook on 
the design of servomechanisms. In the proc- 
ess of describing design by transfer function, 
system equation, and root-locus methods, 
techniques of analysis such as Bode dia- 
grams, Routh’s criterion, and Nyquist plots 
are also presented. Includes background 
material on complex variables and Laplace 
transforms, bibliography for further study. 
Originally published in these pages as a 
series of six articles. $3.09 


(1) Engineering Applications of Boolean 
Algebra, 68 pages. A design guide to the 
analysis and synthesis of switching circuits 
and logic systems—both combinational and 
sequential—in any medium: mechanical, 
electrical, hydraulic, electronic or solid state. 
Includes five previously published articles 
plus an added appendix. $2.00 


0 Slide Rule Mathematics, 20 pages, plus 
4 practice slide rules printed separately. 
Logical development of the slide rule’s fun- 
damentals and complete concise instructions 
for its use. Major topics include: The Basic 
Slide Rule; Variations on Basic C-D Opera- 
tion; Trigonometry; The Log-Log Scales; 


Vector Diagrams; Hyperbolic Functions; 
Phasor Calculations; The Circular Slide 
Rule. $1.00 


Need help 


ona 


Casting Resins 
Problem? 


e Are you having trouble evaluat- 
ing epoxy resins or silicone encap- 
sulants for some critical element in 
the advanced engineering of de- 
vices, equipments or systems re- 
quired to operate under rigorous 
and extreme conditions? The help 
you need could be at your finger- 
tips in the new ELEctrRo-TECHNOL- 
ocy design compendium, Casting 
Resins and Application Techniques. 


e This 44-page design manual 
just off press - 
in one convenient package, seven 
of the most informative technical 
articles on the subject which have 
appeared in the pages of this mag- 
azine over the past several years. It 
includes also a valuable bibliogra- 
phy on the overall subject of elec- 
trical insulation and dielectrics. 


brings together, 


e Order your copy now, by 


using handy form on page 165. 


Only $1.00 
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OAK TYPE 131 PUSHBUTTON SWITCHES will help 


you make the most of limited panel space. Only %-in. 
thick, these switches can be mounted on '% in. centers; 
a stack of 10 separate gangs of switches requires only 
6'3%-in. of panel space. Use Type 131 switches for handling 
low-power switching in computers, office equipment, com- 


munications devices, automatic coin-operated machines 
and many other military or commercial applications. 


Available with from one to 12 buttons having up to 14 con- 
tacts per button. “Floating slider’’ design operates at lighter 
pressure per number of contacts than conventional push- 
button switches. Oak’s vigorous research and testing, careful 
selection of materials, precision manufacture and quality 
control assure long operating life with minimum failure. 
Contact your local Oak sales representative or write for 
Oak’s comprehensive 4th Edition General Switch Catalog. 


ring * Quality ¢ 


OAK MANUFACTURING CO. 


CRYSTAL LAKE, ILLINOIS - 


telephone: Crystal Lake, 459-5000 


OAK ELECTRONICS CORPORATION, (Subsidiary) Culver City, California 


JUNE 1961 


SUBASSEMBLIES 
CHOPPERS ° ROTARY SOLENOIDS . VIBRATORS 
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LITERATURE for the Design Engineer 





All-new listings of manufacturer’ s literature just off the press . 


. . including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


OSCILLOSCOPE SWEEP CONTROL 
Two-page data sheet describes unit that 
provides sweep control of oscilloscopes. 
Locks sweep time to signal period at 
any frequency from 5 cps to 20 ke. 
Power requirement is 117 volts a-c, 60 
cps, 100 watts. Chadwick Helmuth Co., 
472 E. Duarte Rd., Monrovia, Calif. 
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TFE-FLUOROCARBON SHEETS 
Fact Sheet 3 describes application and 
properties of molded tetrafluoroethylene 
sheets, rods and tubes. Offers informa- 
tion on available sizes, shapes, prop- 
erties; lists chemicals to which material 
is resistant. Chemplast, Inc.. 3 Central 
Ave., East Newark, N. J. 
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RESISTANCE ELEMENTS 


Interim Data Sheet 181, two pages, 
gives technical details on high-stability 
ceramic-metal resistance elements for 
modular fixed resistors. Technical data 
include resistance range, wattage, tem- 
perature rating, resistor configuration, 
substrate size, voltage rating and com- 
plete performance specifications. CTS 
Corp., Elkhart, Ind. 
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MOLDED CHOKE COILS 
Brochure, eight pages, describes latest 
developments in line of coils that meet 
military specifications, where applica- 
ble. Charts list inductance values, core 
material, testing frequency and d-c 
resistance. Delevan Electronics Corp., 
77 Olean Rd., East Aurora, N. Y. 
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SMITH-CHART IMPEDANCE PLOTTER 


Bulletin 60-3, four pages, describes 
plotter that provides instantaneous dis- 
play of impedance as function of fre- 
quency in range of 10 to 3000 me. 
Principles of operation, characteristics 
required of auxiliary equipment are dis- 
cussed. Dielectric Products Engineering 
Co., Inc., Raymond, Maine. 
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D-C VOLTMETER 


Brochure, four pages, offers information 
on solid-state Model 4472 meter that 
measures from 100 mv to 1000 volts 
full scale. Battery powered unit fea- 
tures overload protection in all ranges, 
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has accuracy of +1 per cent. Dynamics 
Instrumentation Co., 583 Monterey Pass 
Rd., Monterey Park, Calif. 
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SLIDE-RULE KIT 


Illustrated booklet, 25 pages, explains 
theory of slide-rule design and outlines 
procedures for expressing equations on 
special-purpose slide rules. Includes 
information on kit that contains slide- 
rule blanks, scale plotter and loga- 
rithmic chart. Dyna-Slide Co., 600 So. 
Michigan Ave., Chicago 5. 
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SYNCHRONOUS MOTOR CONTROLS 


Bulletin 3100-PRD-269, two pages, de- 
scribes controls suitable for full-voltage 
operation of synchronous motors rated 
at 600 volts and below. Units feature 
front accessibility, 10-gage steel enclo- 
sures, polarized-field frequency control ; 
built to NEMA, Class A, Type 1 speci- 
fications. Publication shows dimension 
and weights. Electric Machinery Mfg. 
Co., Minneapolis 13, Minn. 
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MEASUREMENT INSTRUMENTS 


Condensed Catalog A-26, eight pages, 
provides specifications and illustrations 
of precision instruments, resistance net- 
works and computers. Featured are 
matched systems for  ultra-high-per- 
formance impedance, capacitance and 
resistance measurements. Electro Sci- 
entific Industries, 7524 S. W. Macadam 
Ave., Portland 19, Ore. 
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SILICONE-EPOXY COMPOUNDS 


Series of single-page data sheets offers 
details on silicone-epoxy materials for 
potting, impregnating and molding ap- 
plications. Includes information on 
preparation, mold releases and materials 
properties. Emerson & Cuming, Inc., 
Canton, Mass. 
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SEMICONDUCTOR LOGIC ELEMENTS 


Brochure, eight pages, offers informa- 
tion on micrologic elements that include 
flip-flops, buffers, gates and half-shift 
registers. Discusses logic design, ap- 
plications; text is supplemented by 
schematic and block diagrams. Fair- 
child Semiconductor Corp., 545 Whis- 


man Rd., Mountain View, Calif. 
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POLYURETHANE CASTER WHEELS 


Two data sheets, each two pages, de- 
scribe caster wheels that are resistant 
to abrasion, slippage, and temperatures 
from —90 to +250 F. Load capacities 
range from 800 to 3500 lb, for both 
swivel and rigid casters. Sizes are 5, 
6, 8, 10 and 12-in. diam. Faultless 
Caster Corp., Evansville 7, Ind. 
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SOLID-STATE OPTICAL TACHOMETER 


Two-page data sheet offers information 
on Model 219A tachometer that re- 
motely senses rotation to 120,000 rpm. 
Unit is battery powered, weighs 1 lb, 
needs no physical coupling to part 
under test. Ferranti Electric Inc., In- 
dustrial Park No. 1, Plainview, N. Y. 
Circle 768 on Inquiry Card 


INTEGRAL MOTORS 


Eight-page brochure illustrates and de- 
scribes aluminum integral-hp single and 
polyphase motors. Outputs vary from 
1% to 71% hp, 900 to 3600 rpm. In- 
cluded are specification and availability 
tables as well as special construction 
features. Franklin Electric Co., Inc., 
400 E. Spring St., Bluffton, Ind. 
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HIGH-TEMPERATURE THERMISTORS 


Series of two-page data sheets describes 
line of thermistors with 3000 K Beta. 
Maximum standard thermistor tempera- 
ture rating is 150 C, with higher ratings 
available. Complete description and 
specification tables, with volt-ampere 
and _ resistance-temperature character- 
istic curves included. General Electric 
Co., 7842 So. Neff Blvd., Edmore, Mich. 

Circle 770 on Inquiry Card 


IGNITRON EXCITATION CIRCUITS 


Bulletin PT-50, 16 pages, contains de- 
tailed information on ignitron excita- 
tion circuits, explains functions of asso- 
ciated electrodes. Details typical circuits 
which assure accurate and reliable fir- 
ing, contains schematics, graphs and 
charts to illustrate technical data. Gen- 
eral Electric Power Tube  Dept., 
Schenectady 5, N. Y. 
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121 feet of the world’s finest cop- 
per magnet wire,compressed into 
a coil scarcely a quarter of an inch 


‘ in diameter, transforms the bal- 
© Oo © © QO ance wheel into a miniature motor. 
-—— ee : as i -—e w 





HAMILTON 
electric... 
the world’s first 


electric wrist watch! 


It was inevitable that an electric power 
source would take its place alongside the 
other power sources used in the search for 
more accurate timepieces. 

The Hamilton Electric Watch is the 
newest of all modern timepieces. It is ap- 
proximately the same size and shape as 
a conventional wrist watch. It is of simpler 
construction, has fewer parts, and is re- 
markably precise. A tiny energy cell or 
battery, no larger than a shirt button, will 
keep the watch running for more than a 
year. Actually, the electric watch is noth- 
ing more than a tiny electric motor run- 
ning constantly at a controlled speed. The 
motor coil contains 121 feet of the finest 
copper magnet wire and the tiny contact 
points make and break the circuit 216,000 
times a day. 

REA MAGNET WIRE COMPANY 
is proud to have contributed to the suc- 
cessful production of this outstanding 
timepiece by supplying mile after mile 
of ultra-fine magnet wire of constant qual- 
ity for these precision instruments. 

REA ultra-fine magnet wires are avail- 
able as fine as AWG #58 (0.”00038), in 
both copper and aluminum. 


REA MAGNET WIRE COMPANY, INC. - Division of Aluminum Company of America + Fort Wayne, Indiana + TWX: FW187 
Circle 174 on Inquiry Cerd Copper and Aluminum Magnet Wire, A// Insulations 
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Why Die Stamped 
Circuits by 


Dytronics? 


EXACT 
CIRCUIT 
DUPLICATION 


... 29,000 or 
5,000,000 units 


One of the major prob- 
lems in printed circuitry 
is exact duplication of the 
circuit pattern from unit 
to unit. The Dytronics die 
stamped process elimi- 
nates this headache by 
utilizing a metal-cutting 
die to delineate the con- 
ductor pattern exactly 
whether 25,000 or 5,000,- 
000 circuits are produced. 
A new booklet, “‘De- 
signing with Dytronics 
Die Stamped Circuits,” 
gives other important rea- 
sons for specifying these 
quality circuits and pro- 
vides information that 
will help you design them. 
Write for a free copy. 


= 
Dytrénic 


NCORPORATED 


ROCHESTER 37, MICH. 


A subsidiary of Taylor Fibre Co., 
Norristown, Pa. 
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POLYBUTADIENE POLYMER 


Data sheet, four pages, describes modi- 
fied polymer, designated Hycar 100X- 
145, that has excellent abrasion char- 
acteristics and does not embrittle at 
—85 F. Lists chemical, electrical and 
mechanical properties, also applica- 
tions. B. F. Goodrich Chemical Co., 
3135 Euclid Ave., Cleveland 15, Ohio. 
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SOLENOID VALVE 


Four-page Bulletin SL-1 contains infor- 
mation for selection of solenoid valves 
for particular applications. Specific 
data regarding size, pressure, tempera- 
ture, coil type, special features and 
assemblies are included to aid proper 
selection. Sizes, 34 to 1 in. J. D. Gould 
Co., 4707 Massachusetts Ave., Indian- 
apolis 18, Ind. 
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CIRCULAR 3-PHASE TRANSFORMER 


Four-page brochure describes trans- 
former which produces magnetic, elec- 
trical and physical balance on _ all 
phases from no-load to full-load. In- 
cluded is a comparison between cir- 
cular transformers and E-type trans- 
former, and chart showing maximum 
power of circular transformers at 400 
cps. Gulow Transformer Co., Rt. 17 & 
Broad St., Carlstadt. N. J. 
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METAL CORROSION 
Brochure, 24 pages, analyzes various 
types of corrosion and metals best 
suited to resist them. Emphasis is on 
use of the metals as fasteners. Corro- 
sion guide chart lists 136 types of 
corrosion and the reaction of eight 
types of metals. H. M. Harper Co.. 
Morton Grove, Ill. 
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REGULATED POWER SUPPLIES 
Six-page short-form catalog covers 22 
power supplies. Covers latest develop- 
ments and lists complete specifications 
and engineering features. Harrison 
Laboratories, Inc., 45 Industrial Rd., 
Berkeley Hts., N. J. 
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X-Y RECORDER 

Two-page Bulletin 792-5, 
photographs and_ specifications, de- 
scribes Model HR-92/93 for recording 
one variable in terms of another. Unit 
features flat-bed construction, 814 x 11 
in. surface and clip-on pens. No cross- 
talk between channels. Houston Instru- 
ment Corp.. Box 22234, Houston 27, 
Texas. 


containing 
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SELECTIVE-ERASURE TUBE 


Two four-page brochures describe the 
“Multi-Mode Tonotron,” a display stor- 


age tube capable of high-speed selective 


(Continued on page 179) 





WHEN QUALITY 
IS A MUST 


Stromberg-Carlson’ 


TELEPHONE-TYPE 
COMPONENTS 





RELAYS: Wide range, for electro- 
mechanical switching. Send for 
Bulletin T-5000R2. 





KEYS: Cam-type and push-button. 
Send for Bulletin T-5002R. 


eon 





STEPPING SWITCHES. Fast and de- 
pendable. Bulletin T-5001R. 


JACKS & PLUGS: For many electri- 
cal and electronic uses. Send for 
Bulletin T-5003. 


TELEPHONE HANDSETS: Standard 
or with switch assemblies. Send 
for Bulletin T-5005. 


For bulletins and more information 
contact the nearest Sales Branch 
office: Atlanta—750 Ponce de Leon 
Place N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 
Grand Avenue; Rochester—1040 
University Avenue; San Francisco— 
1805 Rollins Road. 


GENERAL DYNAMICS 


/GLECTRONICS 


Circle 149 on Inquiry Card 


Circle 176 on Inquiry Card > 


You get more value 


for the same dollar— 
in the NEW 


Bulletin '709 
line of starters! 


This new line of Allen-Bradley motor control will change 

every idea you have had about starter size, performance, 

and life. The small size—especially in the higher ratings 

—is startling. Yet rating for rating the operating life and 

reliability have been increased many times. Built into 

each of the seven sizes of this new Allen-Bradley line is 

an ability to interrupt tremendous currents and to operate 

year in and year out for many millions of operations with- 

out trouble or maintenance. 
The new Bulletin 709 starters are just as advanced in 

appearance as they are in performance. All seven sizes 

have an aristocratic styling and a distinctive family like- SIZE 5 

ness. Brooks Stevens, famous industrial designer, has 

given the enclosures such an attractive, modern style that 

these new starters will prove a distinct sales asset on any Note the compactness of both the smallest and 

machine or installation. largest starter in the new Bulletin 709 line. 
Why not write today for more information on this Ratings up to 100 hp, 220 v; 200 hp, 440-550 v. 

revolutionary new line of Allen-Bradley Bulletin 709 

quality across-the-line motor starters? 








Features of the 
NEW Allen-Bradley 
Sinai) ae ew als 
Bist-haehacmeyd 


value to you! 


Every detail of the new Allen-Bradley motor starters has been 
designed to help make this the best line of motor control on 
the market. Remarkably small in size, each starter is a giant in 
performance. Being light in weight, these starters are easy to 
handle and a cinch to install. The generous wiring space, full 
front wiring, white interiors, and convenient knockouts make 
installation easy. The enclosure cover is firmly held with a 
quarter-turn fastener. All installation, inspection, and mainte- 
nance operations can be handled from the front — as shown in the 
illustrations below— without the use of special tools. 


QUICK, EASY CONTACT INSPECTION 

When the arc hood front cover is removed 
by loosening two captive screws, con- 
tacts are plainly visible from the front. 


COIL EASILY CHANGED—When the coil 
cover is removed, coil and magnet yoke 
can be lifted out from the front. They are 
impossible to replace incorrectly. 


ALLEN -BRADLEY 


CONTACT POSITION INDICATED—Two 
slots in the coil cover show the position 
of the movable contact support—tell 
whether contacts are ‘‘closed”’ or ‘‘open.”’ 


AUXILIARY CONTACTS EASILY ADDED 
to the front of the starter. Two extra auxil- 
iaries can be added to Sizes 0, 1, and 2 
starters, and four, to Sizes 3, 4, and 5. 


Member of NEMA 









New Bulletin 709 Size 3 across- 
the-line motor starter. Note the 
generous space for wiring, acces- 
sible terminals, and white interior. 


CONTACTS EASILY REPLACED—Depress 
the spring slightly, and the movable con- 
tacts can be lifted out of the molded sup- 
port and the new contacts slipped in. 


A THIRD OVERLOAD RELAY CAN BE 
EASILY ADDED in the field, from the 
front of the starter. And the only tool 
needed is a common screwdriver. 


QUALITY 
MOTOR 
CONTROL 








erasure, simultaneous display of stored 
and non-stored information, and high- 
resolution light- or dark-trace displays. 
Resolving power up to three times 
better than tubes now in use, while 
maintaining brightness and_ halftone 
capabilities, according to manufacturer. 
Hughes Aircraft Co., Vacuum Tube 
Products Div., 2020 Short St., Ocean- 
side, Calif. 

Circle 778 on Inquiry Card 
SOLID-STATE OSCILLATOR AND 
VOLTMETER 


Two one-page bulletins describe Model 
TR voltmeter and Model TO oscillator, 
respectively. Voltmeter range, 0.003 to 
300 volts; size, 8 x 5 x 444 in.; weight, 
2 Ib. Oscillator scan, 5.5 cps to 600 ke; 
size 5 x 8 x 4% in.; weight, 4 lb with 
batteries. Instrument Laboratories, 315 
W. Walton PI., Chicago 10. 

Circle 779 on Inquiry Card 


OSCILLOSCOPE 


One-sheet brochure describes Model 310 
oscilloscope. Bandwidth, d-c to 7.5 me. 
High-gain, plug-in amplifier provides 
sensitivity of 1 mv/cm with reduced 
bandwidth. Self-contained 1 per cent 
calibration circuit. Sweep, continuously 
variable from 1 psec/cm to 1.5 sec/cm. 
Dimensions, 9 x 13 x 634 in. Weight. 
20 lb. Interlab, Inc., 116 Kraft Ave., 
Bronxville, N. Y. 

Circle 780 on Inquiry Card 


MINIATURE PANEL METERS 


Four-page catalog describes lines of 
l-in. diam barrel meters and 114-in. 
meters, including ruggedized and long- 
scale models and a wide variety of side- 
indicator panel meters. International 
Instruments, Inc., 88 Marsh Hill Rd., 
Orange, Conn. 

Circle 781 on Inquiry Card 


POWER-SUPPLY CATALOG 
Catalog 401 describes, in easy-to-read 
form, all electrical and mechanical 
specifications of 53 standard solid-state 
supplies, Contains photographs of units 
and models and specifications. Invar 
Electronics Corp., 323 W. Washington 
Blvd., Pasadena, Calif. 

Circle 782 on Inquiry Card 


SILICONE-ALLOY PRODUCTS 


Four-page Bulletin 160 covers silicone- 
alloy insulation material for microwave 
and other electronics applications. 
Technical data include physical and 
electrical properties. Isolantite Manu- 
facturing Corp., Warren Ave., Stirling, 
N. J. 

Circle 783 on Inquiry Card 


R-F CONNECTOR CATALOG 

Catalog, 120 pages, contains informa- 
tion on Series BN, BNC, C, HN, LC-LT, 
LN and N connectors. Includes pulse, 
miniature and sub-miniature, twin con- 





nectors, uhf, adapters to rigid. line, 
waveguide adapters, captive connectors, 
foamflex, spirafil, styroflex, power, 
TNC, K-Grip, polarized fuel-gage, co- 
axial-cable termination, radiation resist- 
ant, 125-ohm high impedance, herma- 
phrodite. Also includes telephone jacks 
and plugs and connectors designed for 
specific applications. Fifteen-page index 
cross-references to military numbers. 
Kings Electronics Co., Inc., 40 Marble- 
dale Rd., Tuckahoe, N. Y. 

Circle 784 on Inquiry Card 


GENERAL-PURPOSE RELAYS 


One-sheet Bulletin 10 describes, with 
diagrams, photographs and _ charts, 
Series MK relays for open, plug-in or 
printed-circuit applications. Includes 
detailed coil data and contact nomen- 
clature. Contact arrangements, up to 
3PDT. Unit designed to pass 1000-volt 
a-c high-potential test between all ele- 
ments. Will operate continuously in 
ambient temperatures of —45 to -+-75 
C for d-c coils and —45 to -+-55 C for 
a-c coils. Line Electric Co., 249 River 
St., Orange, N. J. 

Circle 785 on Inquiry Card 


ELECTROSTATIC CHARGE AMPLIFIER 
One-sheet Bulletin 142261 describes am- 
plifier Model 565 for converting electro- 
static-charge signals from natural quartz 
accelerometers to voltage signals com- 
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patible with input requirements of 
oscilloscopes, recorders and telemeter- 
ing equipment. Includes unit character- 
istics and ranges. Kistler Instrument 
Corp., 15 Webster St., North Tona- 
wanda, N. Y. 

Circle 786 on Inquiry Card 


VOLTAGE-TO-FREQUENCY 
CONVERTER 


One-sheet release describes. Model 1011, 
a fully-transistorized converter develop- 
ing an output frequency precisely pro- 
portional to input voltage. Exceptional 
linearity makes unit ideal for measur- 
ing d-c voltage to 0.1 per cent accuracy 
with a frequency counter. May also be 
used as digital integrator, providing an 
output in volt-seconds of various analog 
input signals. Lome Electronics, Inc., 
8526 No. New Braunfels, San Antonio 
9, Texas. 

Circle 787 on Inquiry Card 


ELASTOMERIC SHEAR MOUNTS 


Four-page bulletin describes mounts 
having guaranteed spring rates. Con- 
tents include outline drawings, load- 
deflection charts, load ranges, spring 
rates and parts numbers. Mounts are 
designed for use with standard hard- 
ware and require no studs. Load ranges, 
400 to 3300 lb. Lyon Aircraft Services, 
2701 No. Ontario St., Burbank, Calif. 
Circle 788 on Inquiry Card 


ENCLOSURES | 


a 


A certain ancient maker of enclosures Anmen-tuh-him 
always got an extra dinar or two for his products, 
for it was well known to all that he scrupulously met 


Milf" and other industry standards. 


Today’s buyers of electrical enclosures invariably find 
that MEK enclosures not only meet, but always exceed 
. and don’t cost a dinar 


applicable industry standards . . 
more. 
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180 Circle 178 on Inquiry Card 





Our latest catalog tells the whole story. 






MACHINERY ELECTRIFICATION, INC. 
56 HUDSON STREET, NORTHBORO, MASSACHUSETTS 


PLASTIC-PROPERTIES REPORT 
Twelve-page report, entitled “Compari- 
son Chart Brochure,” compares “Cy- 
colac” polymers with nylon, acetyl 
resin, cellulose acetate butyrate, cellu- 
lose acetate, modified acrylic, poly- 
propylene, linear polyethylene and 
high-impact styrene. Contains compari- 
son graphs of cost, heat deflection at 
264 psi, impact strength at room and 
low temperature, tensile modulus or 
rigidity, hardness and total perform- 
ance. Marbon Chemical Div., Borg- 
Warner Corp., Box 68, Washington, 
W. Va. 

Circle 789 on Inquiry Card 


PRECISION SWITCHES 


Catalog 104, 20 pages, contains photo- 
graphs and condensed descriptions of 
over 200 items, including miniature 
switches, special-purpose switches, elec- 
tronic switch-circuit assemblies, lighted- 
pushbutton, toggle, limit, pushbutton 
proximity and mercury switches. Micro 
Switch Div., Minneapolis-Honeywell 
Regulator Co., Freeport, II. 

Circle 790 on Inquiry Card 


SERVOMOTORS 


Four-page Bulletin MO-3.7A describes 
R-24, two-phase, four-pole reversible 
induction motors. Contains three sets 
of speed-torque curves and data on 
starting voltage, stall torque, rotor in- 





ertia, acceleration at stall, reversing 
time, etc. Size-24 motors have cores 
with 2.4 in. OD. With and without gear 
train. Stator stacking: 0.5, 0.7, 1.0 and 
1.4 in. Holtzer-Cabot Motor Div., 125 
Amory St., Boston 19. 

Circle 791 on Inquiry Card 


SPIRAL BEVEL AND HYPOID GEARS 


Six-page catalog contains engineering 
drawings and specification charts and 
acts as a design and buying guide. Gears 
have soft cores for custom boring and 
are matched and lapped in pairs after 
hardening. Perkins Machine and Gear 
Co., West Springfield, Mass. 

Circle 792 on Inquiry Card 


INSULATING COMPOUNDS 


Eight-page “Condensed Data Book” 
contains specification charts on paper, 
film, cloth-laminated electrical tapes; 
silicone-rubber tapes; TFE-fluorocar- 
bon products; epoxy-resin systems; 
plastic tapes and metal foils; a chart 
on government self-sticking tape speci- 
fications and a comparable-products 
listing. Permacel, New Brunswick, N. J. 

Circle 793 on Inquiry Card 


CAPACITOR CATALOG 

Four-page Form 795 describes minia- 
ture, hermetically sealed, metalized- 
Mylar units for transistor and printed 
circuits. Includes engineering data, de- 
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AMEPLITE*Multi-Color Indicators and Switches 


Not everybody needs the rugged durability of AMF 
tough-engineered Indicator Lights and Push Button 
Switches. The government demands them —so does 
the military— because in the long run, they're the 
most economical unit and the most dependable. 


If your project or problem requires AMF reliability, 
you'll be referring to this handy Catalog again and 
again. It is yours for the asking. Address Dept-T. 


*An’ AMF Trademark 


nf) American Machine & Foundry Company 


1101 N. Royal Street, Alexandria Virginia 


Circle 179 on Inquiry Card 











scriptions of Mylar-wrap epoxy end-seal 
capacitors and Mylar units in ceramic 
tubes, all in 200, 400 and 600 working 
volts d-c. Values, 0.001 to 4.0 uf. Potter 
Co., 1950 Sheridan Rd., North Chicago, 
il. 

Circle 794 on Inquiry Card 


TORQUE-MEASURING INSTRUMENTS 
Twelve-page brochure suggests ways to 
measure torque, short-cuts in measure- 
ment setups and techniques to measure 
mechanical and electrical efficiencies. 
These are applied specifically to mo- 
tors, gear trains, servo mechanisms and 
potentiometers. Covers torque ranges 
from 1% gm-cm to 200 lb-in. Includes 
formulas for computing power and effi- 
ciency and methods of using strobo- 
scopes and tachometers for analyzing 
rotary motion. Power Instruments, Inc., 
7352 No. Lawndale Ave., Skokie, II]. 
Circle 795 on Inquiry Card 


GEIGER-MUELLER SCALER 

One-page data sheet describes Models 
E-110 and -115, solid-state glow-tube 
scalers. For use with 
Geiger-Mueller detectors. 
solution, about 50 wsec. Power require- 
ments, 115 volts, 60 cps, 144 amp. 
Radiation Equipment and Accessories 
Corp., 665 Merrick Rd., Lynnbrook, 
a hs 


low-voltage 
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Circle 796 on Inquiry Card 
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RCTARY SWITCHES 


Catalog 960, 11 pages, contains photo- 
graphs, engineering drawings, specifi- 
cations, operating characteristics and 
maintenance recommendations for r-f 
and power switches. Radio Switch 
Corp., Marlboro, N. J. 

Circle 797 on Inquiry Card 
PRECISION GAUSSMETER 
Bulletin 820, one sheet, describes Series 
720 meters which give d-c field readings 
of better than 1/10 of 1 per cent ac- 
curacy. Utilizes rotating coil with null- 
balance indication. Shows both field 
direction and intensity. Rawson Elec- 
trical Instrument Co., 110 Potter St., 
Cambridge 42, Mass. 

Circle 798 on Inquiry Card 


REINFORCED PLASTICS 

Eight-page booklet describes applica- 
tions and advantages of “prepregs,” 
pre-engineered laminating materials for 
reinforced plastics and high-pressure 


laminates. Society of the Plastics In- 
dustry, 250 Park Ave., New York 17. 


Circle 799 on Inquiry Card 


CERAMIC PRODUCTS 

Catalog, 20 pages, includes photo- 
graphs, descriptive material, technical 
data on materials, design recommenda- 
tions and summary of facilities. Covers 
sizes of beads, tubing and rods, swage- 
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able thermocouple tubing, end seals, 
castables, laboratory ceramics and spe- 
cial shapes. Saxonburg Ceramics, Inc.., 
Saxonburg, Pa. 

Circle 800 on Inquiry Card 


MOTOR CONTROL 


Bulletin 343, six pages, containing 
graphs and diagrams, describes “zero- 
error” unit for use where regulated 
speed and exact positioning are re- 
quired. Turns d-c motor into servo- 
mechanism. For motors up to 100 hp. 
Normal speed range, 100:1. Sciaky 
Bros., Inc., Dept. L-30, 4915 W. 67 St., 
Chicago 38, II. 

Circle 801 on Inquiry Card 


ELECTRON-TUBE HANDBOOK 


Eight-page booklet entitled “Low-Power 
Industrial and Transmitting Electron- 
Tube Characteristics” contains com- 
plete descriptions of tubes for indus- 
trial, military and communications ap- 
plications. Charts all specifications and 
diagrams each tube’s base and envelope 
connections. Includes transmitting, 
series-regulator, rectifier and clipper 


tubes. Raytheon Co., Industrial Com- 
ponents Div., 55 Chapel St., Newton 58, 
Mass. 

Circle 802 on Inquiry Card 
SERVOMOTOR 


One-sheet release describes  Size-8, 
6-pole, 400-cps, high-acceleration motor: 
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BLUE ISLAND, ILLINOIS 
DIVISION: BLUE M ENGINEERING COMPANY, 2312 So. Main Street, Los Angeles 7, California 


ELECTRO-TECHNOLOGY 





THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


NEW MATERIAL FOR MISSILE 
MAKERS AND OTHERS WITH 
HIGH-TEMPERATURE PROBLEMS 
The biggest drawback to fused silica, 
despite its many desirable thermal and 
electrical properties, has been the limi- 
tation on sizes and shapes available. 

No more. Now Corning comes up with 
Multiform Fused Silica—a combination 
of a unique process and a_ versatile 
material. 

With Multiform Fused Silica you can 
put the useful properties of fused silica to 
work in shapes and sizes that previously 
were unattainable. 

For example, you can now have 
cylinders, domes, crucibles, rods and 
slabs—in sizes equal to any achieved by 
conventional ceramic forming processes. 


Corning’s new Multiform Fused Silica offers the 
unique thermal and electrical properties of fused 
silica in shapes and sizes that up to now were 
considered impractical. 


Softening point for this new material 
is 2880°F; you can design for long-term 
use at temperatures over 1770°F, inter- 
mittent up to 2250°F. 

Resistance to thermal shock is high, 
since coefficient of expansion is 3 x 107 
per degree F. 

This new material also displays an 
extremely stable dielectric constant and a 
low loss tangent over a broad temperature 
vange. Example: At a frequency of 8.6 x 
10° cps, the dielectric constant is 3.58 at 
77°F and 3.57 at 750°F. 

Through either slip-casting or dry 
pressing you end up with an object 
(a radome, perhaps?) that has an 
opaque, fine-grained structure machina- 
ble to tolerances of plus or minus .001 inch. 

For samples of and/or detailed specs 
on new Multiform Fused Silica, mark 
the coupon and send it to our New 
Products Division. 


HOW TO STUDY A BLIP 
When you go to all the trouble of gen- 
erating two opposed gas waves, each 
travelling eighty times the speed of 
sound, you like to get a permanent visual 
record of what happens when they meet. 
A gas physics group at Boeing Scien- 
tific Research Laboratories is doing this 
with the help of a twelve-foot length of 


JUNE 1961 


Pyrex® glass pipe . . . believed to be the 
largest tube ever used in work of this sort. 

At wave impact the tube blips light for 
a few microseconds, and a camera stops 
the action and spectra of the radiation 
for further study. 


The data collected could show im- 
portant results in effective ion- and 
plasma-propulsion systems. The tube is 
also expected to be useful in measuring 
gas temperatures up to several million 
degrees. 

The tube is made from the same tough 
borosilicate glass as our pipe for chemical 
and food processing plants and our 
drainlines and heat exchangers. 

If you would like to know more about 
it, so that you could put its strength and 
transparency to work on some task of 
yours, send the coupon. 


HOW ABOUT A DEGREE 
IN MEDICAL ENGINEERING? 


The mechanics of modern medicine are 
fast maturing to the point where some 
engineers are specializing in the building 
of machines like this Infant Servo-Con- 
troller for the Isolette, manuf_ctured by 
Air-Shields, Inc., Hatboro, Pennsylvania. 

This particular machine is used with 
prematurely born infants who must keep 
their body temperature at a constant 


of 


Please send more information on: 


CORNING MEANS 


RESEARCH IN 


CORNING GLASS WORKS, 5906 crystai st., Corning, N.Y. 


FROM CORNING 


level, but lack a well-developed thermal 
regulatory device. 

You attach a thermistor to the babe’s 
abdomen and let him work as his own 
thermostat. He automatically requests 
heat from infrared lamps whenever his 
skin temperature drops below 97°F. 
When things are just right again, he 
switches off the lamps and takes a rest, 
with the odds for survival more in his favor. 

If you’ve ever tried to unbulb an infra- 
red lamp, you know that it gives off 
direct heat as well as IR energy. 


That’s why there are two Pyrex No. 
7740 glass plates sitting on top of the 
plastic chamber in the picture. You can 
see them, if you look closely. The Pyrex 
plates are heat resistant and will also dis- 
sipate the direct thermal output of the 
lamps. So, the plastic forgets the lamps 
are there. 

As far as the IR energy is concerned, 
the Pyrex plates don’t exist either, so 
practically all the IR gets through to the 
baby. 

The over-all relationship between IR 
and glass is an odd one. We can give you 
glass which transmits as much as 92% of 
the IR or a glass which transmits as little 
as 8% of the IR. 

Happily for our product specialists, 
there is demand for both situations. We’ve 
prepared some bulletins on many of these 
IR characteristics, a copy of which you 
may have by sending the coupon. 
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weight, 1.25 oz; diam. 0.75 in.; am- 
bient temperature range, —55 to +125 
C; stall torque, 0.22 in.-oz.; moment of 
inertia, 0.147 gm-cm*; time constant, 
0.00613 sec. Meets environmental re- 
quirements of MIL-E-5272. Wright 
Machinery Co., Div. of Sperry Rand 
Corp., Durham, N. C. 

Circle 803 on Inquiry Card 


TRANSISTORS 
One-sheet Bulletins PB-78 and -79 de- 
scribe 45-volt silicon mesa devices for 
amplifiers and switching, respectively. 
These are glass-packaged units with an 
operating current of 50 wamp to 20 ma 
and represent 1/20 the volume of TO- 
18 package. Type numbers: TMT 839 
through 843. Transitron Electronic 
Corp., 168 Albion St., Wakefield, Mass. 
Circle 804 on Inquiry Card 


LAMINATED PLASTICS AND 
VULCANIZED FIBER 


Eight-page catalog describes materials, 
telling how they are made and where 
they are used. General data give sug- 
applications, corresponding 
NEMA grades, military specifications, 
color, forms and sizes in which fur- 
nished. Engineering data list typical 
mechanical and_ electrical 
properties. Taylor Fibre Co., Norris- 
town, Pa. 
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Circle 805 on Inquiry Card 


INDUSTRIAL X-RAY UNIT 


Twelve-page booklet describes “Tru- 
Vu” unit which will produce both 
fluoroscopic images and films of in- 
ternal structures of switches, transis- 
tors, condensors, etc. Can be used with 
aluminum, iron, copper and less dense 
materials. Booklet contains X-ray photo- 
graphs, circuit diagrams. Universal X- 
Ray Products, Inc., 1140 N. Western 
Ave., Chicago 22. 

Circle 806 on Inquiry Card 


ELECTRONIC INDICATOR SWITCH 
One-sheet release gives full specifica- 
tions, with diagram and photograph, of 
illuminated SPDT switch for *%s-in. 
hole mounting; available in voltages 
from 4 to 48 volts. Sylvania Electric 
Products, Inc., 730 Third Ave., New 
York 17. 

Circle 807 on Inquiry Card 


SOLID-STATE POWER SUPPLY 


Illustrated four-page brochure explains 
supply design with 80 per cent efh- 
ciency, small package size, protective 
system against shorts and power failure 
and high reliability. Describes switch- 
ing preregulator combined with series 
regulator to achieve transient response 
of 50 ysec in units delivering up to 
1080 watts. Valor Instruments, Inc., 
13214 Crenshaw Blvd., Gardena, Calif. 

Circle 808 on Inquiry Card 


SYNCHROS 

Two-page Data Sheet CS/TS-6-23-1 
gives specifications to aid in selection 
of Size 23, 60-cps “Thru-Bore” syn- 
chros_ for applications. Vital 
characteristics are listed for trans- 
formers, transmitters, etc. All manu- 
factured to MIL-S-20708A. Vernitron 
Corp., 125 Old Country Rd., Carle 
Place, L. I., N. Y. 


servo 


Circle 809 on Inquiry Card 


STRIP-CHART RECORDER 


One-sheet release contains complete 
specifications of Model M11A, compact, 
multipoint recorder, which mounts in 
space 81% in. high on 19-in. panel. 
Scans and measures 2 to 12 input 
sources at 5-sec-per-point rate. Westro- 
nics, Inc., 3605 McCart, Ft. Worth, 
Texas. 

Circle 810 on Inquiry Card 


STAMPED-GEAR CATALOG 
Catalog, 16 pages, illustrates and de- 
scribes gear types available. Detailed 
tables give all critical specifications for 
stamped gears, segments, internals, ring 
gears, crown gears, sprockets and 
ratchets. Data are included on center- 
hole shapes, tooth parts and diametral- 
pitch rules and formulas for spur gears. 
Winzeler Mfg. & Tool Co., 7355 W. 
Wilson Ave., Chicago 31. 

Circle 811 on Inquiry Card 
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NOW, Reliable, accurate 
overload protection regardless 
of HEAT or COLD! 
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For All Arrow-Hart 
“RA” Magnetic Starters 
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Nema Sizes 0 through 5 


MAGNETIC PREAMPLIFIERS 


Technical Bulletin 10-C, six pages, of- 
fers information on series of 400- and 
60-cps low-level magnetic preamplifiers. 
Presents information on possible ap- 
plications; accompanied by schematic 
diagrams. Includes detailed electrical 
and mechanical data. Acromag, Inc., 
22515 Telegraph Rd., Southfield, Mich. 
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ACCELERATION SWITCH 


Single-page data sheet offers informa- 
tion on planar acceleration switch which 
functions at preset level with an ac- 
curacy of +5 per cent. Included are 
details on performance data and typical 
vector diagrams. Aerodyne Controls 
Corp., 90 Gazza Blvd., Farmingdale, 
N. Y. 

Circle 813 on Inquiry Card 


FLUID-CONTROL VALVES 


Bulletin 91403, four pages, offers in- 
formation on valves which are suitable 
for controlling abrasive and corrosive 
liquids and gases. Units are solenoid- 
or pilot-operated. Supplies descriptions, 
features, and dimensional data. Sizes, 
14-214 in. Airmatic Valve Inc., 7313 
Associate Ave., Cleveland 9, Ohio. 
Circle 814 on Inquiry Card 


MOTOR STARTERS 
Brochure, 36 pages, offers information 


on line of motor starters, designated 
Bulletin 709, in Sizes 00 to 5. Ratings 
range from 114 hp, 220 volts, to 100 
hp, 550 volts. Includes construction, in- 
stallation, and inspection features. Al- 
len-Bradley Co., 136 W. Greenfield Ave., 
Milwaukee 4, Wis. 

Circle 815 on Inquiry Card 


COAXIAL RELAY 
Single-page data sheet describes Series 


RB d-c relays with SPDT switching. 
Cross-talk is 40 db min. VSWR less 
than 1.2. Presents detailed electrical 
and environmental data; includes di- 
mensional information. Allied Control 
Co., Inc., 2 East End Ave., New York 
au. 
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SOUND-LABORATORY FACILITIES 


Bulletin 51B9775, four pages, outlines 
testing facilities available for sound 
and vibration testing. Laboratory por- 
trayed in bulletin is equipped to make 
audible-sound or structure-borne vibra- 
tion measurements on self-powered and 
electrically operated products. Allis- 
Chalmers, Milwaukee 1, Wis. 

Circle 817 on Inquiry Card 


CHROMATE-CONVERSION COATINGS 


Four-page brochure entitled “Technical 
Data Chart on Chromate Conversion 
Coatings” presents discussion of pur- 


poses for which coatings are used. 
Features chart presentation of coatings 
available, indicates what metals they 
are applied to, typical applications, 
pertinent specifications. Allied Research 
Products, Inc., 4004 E. Monument St., 
Baltimore 5, Md. 

Circle 818 on Inquiry Card 


POLYESTER RESINS 


Booklet, 12 pages, describes character- 
istics, fabricating procedures and ap- 
plications of 24 standard resin formu- 
lations. Material classifications are 
general-purpose, chemically resistant 
and electrical grade. Offers information 
on resin selection and applications. 
American Cyanamid Co., Wallingford, 
Conn. 

Circle 819 on Inquiry Card 


POWER-TRANSMISSION EQUIPMENT 


Catalog GC-101-F, 24 pages, provides 
information on V-belts, sprockets, pul- 
leys and couplings. Lists 10,000 stock 
items. Photographs are accompanied by 
mechanical specifications and com- 
ponent-part number. Browning Mfg. 
Co., Maysville, Ky. 

Circle 820 on Inquiry Card 


MOLDED-PLASTIC BEARINGS 
Catalog 511, 12 pages, describes cy- 
lindrical and flange bearings which 


are fabricated of molded plastic. De- 
sign section discusses speed and load- 


Here for the first time is a compact, dependable 
overload relay that compensates for both heat and 
cold. As shown here, the balancing or compensat- 
ing bi-metal and the working bi-metal are identi- 
cal in size and construction and are joined by a 
coupling bar. As the ambient temperature rises 
above or falls below 72°F, the balancing bi-metal 
operates through the coupling bar to maintain the 
same tripping time over a temperature range from 
—20°F to +165°F. Compensating action is fully 
automatic. Relays use standard A-H Heaters and 


operate equally well with either quick-trip or reg- 
ular types. The switching mechanism itself em- 
ploys the same positive snap-action featured in all 
A-H Overload Relays. Calibrating screw permits 
precise adjustment at the factory and needs no 
further adjustment. Available in ratings from 25 
to 300 amperes, continuous current, these new 
Ambient Compensated Relays can be supplied 
with all sizes of Arrow-Hart ““RA’”’ Magnetic 
Starters . . . or as individual units for use as sepa- 
rately mounted relays. 


FOR COMPLETE INFORMATION AND 
ENGINEERING DATA .. . write now to The 
Arrow-Hart & Hegeman Electric Company, Dept. 
ET, 103 Hawthorn St., Hartford 6, Conn. 


Motor Controls » Wiring Devices « Appliance Switches « 
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Enclosed Switches 





carrying capacities, clearances, lubrica- 
tion and bearing life. Arguto Oilless 
Bearing Co., 149 Berkley St., Phila- 
delphia 44. 
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LOW-VOLTAGE TRANSISTOR- 
REGULATED POWER SUPPLIES 


One-page data sheet describes PS- 
4815M, 15-amp supply. Lists features 
such as transient-free output, minimum 
size and continuously varying output 
from 1 to 36 volts. Contains detailed 
specifications. Power Sources, Inc., 
Burlington, Mass. 

Circle 822 on Inquiry Card 


ALPHA-NUMERIC DISPLAY 


Bulletin B262, two pages, contains in- 
formation on solid-state display. In- 
cludes description of electrical opera- 
tion and display properties. Illustra- 
tions, operational block diagram, modu- 
lar printed-board arrangement, seg- 
ment configuration and alpha-numeric 
gate line coding. Robotomics Corp., 
2422 E. Indian School, Phoenix, Ariz. 

Circle 823 on Inquiry Card 


MOTOR-CONTROL CENTER 


Eight-page brochure describes center 
for control of two or more motors from 
one location. Contains photographs of 
equipment and components and de- 
scriptions of engineering features 


and uses. Offered in standard NEMA 
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ACTUAL SIZE 





GRAVITY SENSING 
ELECTROLYTIC 
POTENTIOMETER 


Excellent for gyro 





| MAGNETIC 
} _ REED SWITCHES 


Operate in any posi 
tion — hermetically 
sealed — use in wet, 
dry, or “explosive” 
atmosphere. Not af- 
fected by high or low 
temps. Compact, rapid 
cycling, long life 


mechanisms. Not ma- 
terially affected by 


**hunting’’ to mini- 
mum. Compact — ex- 
tremely accurate. 


| 

V Specify HAMLIN 

for systems to indicate or inte- 
grate functions of: RPM’s thru 
circuits * TIME * MOTION « 
MEASUREMENT + TEMPERATURE 
* POSITION SEQUENCE + FLOW ° 
© PRESSURE * LIQUID LEVEL 


SEND FOR BULLETIN 


ae 
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components 


MERCURY 
SWITCHES 


Many design ideas. Super- 
scope correction sensitive—sealed against 


vibrations. Keeps operating characteristics, 


DEPT. ET * LAKE and GROVE STREETS + LAKE MILLS, WISCONSIN 


Type 1, 3 and 5 enclosures. The Rowan 
Controller Co., 2313-2315 Homewood 
Ave., Baltimore 18. 
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FLUID-POWER CONTROLS 


Catalog, 122 pages, offers information 
on rotary actuators, air and hydraulic 
cylinders for fluid-control applications. 
Includes completely dimensioned draw- 
ings, specifications, and descriptions of 
construction features. Carter Controls 
Inc., 2800 Bernice Rd., Lansing, Ill. 
Circle 825 on Inquiry Card 


Manufacturer’s 
Publications 





For these selected publications on 
materials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELecrro-TECHNOLOGY as your 
source, 


MAGNETIC DEVICES 


Technical Supplement No. 18, March/- 
April Cannonade, describes magnetic 
devices for nuclear radiation environ- 
ments. Elastomeric and plastic mate- 
rials, fused aluminous ceramics, mag- 
netic materials and metals are included 
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e 
CONTINUOUS OR 


INTERMITTENT 
e 


trouble. Select from huge AVAILABLE 
variety of electrical and e 
contacts, lead and termi- PROMPT DELIVERY 
nal arrangements. Custom ° 
designs upon request. 
| SAMPLES AT ONCE 
V Specify HAMLIN ° 
if you manufacture: TEMP. or ASK FOR OUR 
FLOW CONTROLS « IND. PROCESS LITERATURE 
CONTROLS + ALARM DEVICES + 
GYROSCOPIC INSTRUMENTS « 
AUTOMATION * ATOMIC POWER 
REACTORS + RELAYS 
THE 


GEARMATORS 


SPEED UP TO 200 RPM 
POWER UP TO 40 IN. LB. 


OPEN OR ENCLOSED CASE 


MACHINE CUT GEARS 
FINISH GROUND SHAFTS 
MILLIONS IN USE , 


SPECIAL FEATURES 


ator 


c 
maNnurAcTU ” 


in the discussion. Advertising Dept., 
Cannon Electric Co., P. O. Box 3765, 
Terminal Annex, Los Angeles 54. 


PIEZOELECTRICITY APPLICATIONS 


Sixteen-page illustrated booklet on the 
application of piezoelectric devices 
highlights new developments in high- 
power-handling abilities of the mate- 
rials. The booklet, designed to show 
the principal existing and _ potential 
uses of piezoelectricity, outlines and 
compares the performance character- 
istics of all major piezoelectric sub- 
stances. Text and tables cover piezoelec- 
tricity as applied to convert mechanical 
energy to electrical energy and the 
reverse. Electromechanical properties 
and _ useful-service-temperature ranges 
of piezoelectric elements are also in- 
cluded. Copies are available from 
Clevite Electronic Components, Bed- 
ford, Ohio. 


CONVERSION FACTORS 


Pocket-size compilation of conversion 
factors emphasizes the multiplication 
factors involved in converting funda- 
mental electrical and magnetic units. 
Also contains conversion factors for 
such basic types of units as area. 
angles, angular acceleration, angular 
velocity, flow of water, force, heat and 
energy, length, linear acceleration, 
linear velocity, mass, power, pressure. 



































enclosed 


type 
motor 






MILLIONS OF MOTORESEARCH GEAR- 
MOTORS NOW IN USE! Motoresearch also 
designs and produces high frequency motors, 
generators, rectifier type power supplies and 
other Special Electrical Equipment. We invite 
your inquiries. 


ESEAR 


PANY 
e 1600 JUNCTION AVENUE 
RACINE, WISCONSIN 

Designers and Manufacturers of 
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a nacre 


This piece could save you 30¢ 


PE See 


De eerie 


For every «—1— of this bus you use, 
here’s how to save 5 cents 


It actually happened. 

A major manufacturer* was pre- 
pared to spend ten cents per inch 
for the bus used in his low-voltage 
switchgear. 

He didn’t. 

Instead he changed his “specs”— 
from copper to Alcoa® aluminum— 
and saved five cents on each inch, 
with no sacrifice in the quality of 
his product. 


JUNE 1961 


Can you? The actual savings will 
depend on size. Whatever your cur- 
rent carrying requirements may be, 
this holds true: To do the same job 
with aluminum costs only half as 
much as with copper. 

How about forming? You can bend 
aluminum bus flatwise 90°, or edge- 
wise. Drilling, punching and joining 
present no problems. 

How about bracing? NO. 2 EC 
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alloy in the T6 or T62 tempers has 
approximately the same yield 
strength as copper. Consequently, 
the same bracing as for copper can 
be used. 

To find out how much you can 
save, contact any Alcoa-Rome rep- 
resentative. Or write to Rome Cable 
Division of Alcoa, Dept. 24-61, 
Rome, New York. 


Name furnished on request. 


ALCOA 


ROME CABLE 


6.0: 4 OF. ae 
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with the accurate 
SERVO-TEK SPEED 
INDICATING SYSTEM 














A truly versatile “package” 
provides accurate speed indi- 
cation for clmest anything thet 
moves. Nearly every industrial 
process or machine can benefit 
by the economy ond safety of 
continveus speed indication. 


FEATURES 


SELF-POWERED No batteries or 
external power required. 


LOW VOLTAGE Connecting cable 
can be as long as 500 ft. 


PERMANENTLY LUBRICATED BALL 
BEARINGS. 


EASILY READ 4%” INDICATOR 
Damped to withstand vibration 
and shock. 


STANDARD RANGES 0 to 100, 
250, 500, 1000, 2000, 3000, 4000, 
6000, 8000, 10,000 and 12,000 
RPM. These speeds can also be 
provided to read “Percent of Full 
Speed” or “Percent of Capacity.” 
© to 10 RPM available at small 
additional cost. 


$87 ° includes generator, 

indicator (specify 
range), mounting base, coupling, 
and 15 ft. of electrical cable. 
from stock. Quantity 


Delivery 
discounts. 
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temperature, volume and weight. Auto- 
matic Electric Co., Northlake, Ill. 


HIGH PERFORMANCE CROSSBARS 


Twenty-page illustrated Technical Bul- 
letin 60-115 describes the several basic 
types of crossbars and gives complete 
performance data for many conditions 
of use. The bulletin reviews six switch- 
ing configurations, the various means 
of actuation and control, and suitable 
applications, as well as presenting the 
results of a wide range of experimental 
tests on the various types. Of interest 
to instrumentation and systems engi- 
neers are two long sections on signal- 
carrying performance and signal-switch- 
ing performance. Also included are 
sections dealing with environmental 
stress, mechanical considerations and 
crosstalk. Address letterhead request 
to James Cunningham, Son & Co., 33 
Litchfield St., Rochester, N. Y. 


POWER LOSS IN SILICON DIODES 


Forward voltage drop and power loss 
in silicon rectifiers is investigated in 
Rectifier News, February/March 1961. 
Temperature influence is determined 
and an equation relating the instanta- 
neous forward voltage drop to current 
density and junction temperature is 
given. An expression of the average 
forward voltage drop and power loss 
as function of current density and con- 


duction angle is developed. Interna- 
tional Rectifier Corp., El Segundo, 
Calif. 


TRANSISTOR LITERATURE 


“Transistor Guide for Communications 
Circuit Designers” presents a compre- 
hensive summary of the basic ground 
rules to be followed in designing 
transistorized communications circuits. 
Practical information, circuit diagrams, 
curves and equations are given to aid 
in the design of transistor circuitry for 
audio, video, r-f and i-f amplifiers, mix- 
ers and converters, oscillators, multi- 
pliers and high-frequency/high-power 
output stages. The basic aspects of cir- 
cuit configurations, variation of noise 
figure with frequency, biasing and d-c 
stability are separately examined. Spe- 
cific attention is given to short-circuit 
impedance measurements, multi-purpose 
circuit functions, AGC characteristics, 
temperature control and overload and 
cross-modulation distortion. Write on | 
company letterhead to Philco Corp., 
Church Rd., Lansdale, Pa. 


ANALOG COMPUTING HANDBOOK 


Operator’s manual for PACE TR-10 
transistorized analog computer provides 
a comprehensive introduction to the 
capabilities and operation of general- 
purpose analog computers. Various 
computing components and their func- | 
tions, basic programming procedures 





| and application of analog computation | 





for 


NEW RCA 200°C 
SILICON POWER 
TRANSISTORS 


"STOP" 


CALL YOUR 
RCA SEMICONDUCTOR 
DISTRIBUTOR 


For a comprehensive line of superior- 
quality RCA Transistors and Silicon 
Rectifiers, and all RCA Semiconductors 
for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 
“ Fast delivery from local stock 
“ Prompt delivery of the latest RCA 
types for your evaluation 
Orders filled from factory-fresh 
stock 
Up-to-date, practical product infor- 
mation 
Vaiuable RCA technical assistance 
when you need it 
“One-stop” service on your orders 
Specialists who understand your 
problems and your electronic needs. 
Remember, when you want fast delivery, 
reliable service, always check first with 
your local RCA Semiconductor Distrib- 
utor. For the name and address of your 
nearest RCA Semiconductor Distribu- 
tor, write RCA, Distributor Products 
Sales, Harrison, N. J. 


\ 
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ELECTRO-TECHNOLOGY 
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your move 
to 200°C Silicon 
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New RCA 200°C 


Silicon Power Transistors 
At Prices Starting As Low As Comparable Germanium Power Types 


RCA-2N1700,2N1701,2N1702,2N1703, immediately avail- i 1 Ca 


able in quantity for your industrial power applications crs bat) 
Now--with this line of four economy-priced RCA Silicon 


Collector-to-Emitter | 


Power Transistors—you can afford to make the big switch Voltage 


(Reverse Bias) (Vcex) | 
to silicon. Check the data—then call your local RCA Field Scstsinng vonage | 
Office, and compare prices of these transistors with those eicion Transfer | 9 
of the power transistors you are now using. For technical Saar taal 


J Saturation Resistance | 
literature, contact your local RCA Office or write Lo 
Max. Transistor 


RCA Semiconductor and Materials Division, Section el 
Max. Collector Current 


"-54-NN, Commercial Engineering, Somerville, N. J. TAt or below 25°C case or mounting flange temperature. 


**Similar to TO-3 outline. 


RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES... East: Newark, Ne J., 744 Broad Street, HUmboldt 5-3900 - Eriton, N. J., 605 Marlton Pike, HAzel 
8-4802 - Syracuse 3, New York, 731 James Street, Room 402, GRanite 4-5591 - Northeast: Needham Heights 94, Mass., 64 “A” Street, Hillcrest 4-7200 - Southeast: Orlando, 
Fla., 1520 Edgewater Drive, Suite #1, GArden 4-4768 - East Central: Detroit 2, Mich., 714 New Center Bidg., TRinity 5-5600 - Central: Chicago, Ill., Suite 1154, Merchan- 
dise Mart Plaza, WHitehall 4-2900 - Minneapolis, Minn., 5805 Excelsior Bivd., WEst 9-0676 - West: Los Angeles 54, Calif, Box 54074, RAymond 3-8361 - Burlingame,, 
Calif., 1838 Ei Camino Real, OXford 7-1620 - Southwest: Dallas 7, Texas, 7905 Carpenter Freeway, Fleetwood 7-8167 - Gov't: Dayton, Ohio, 224 N. Wilkinson Street, 
BAldwin 6-2366 - Washington, D. C., 1725 “K” Street, N.W., FEderal 7-8500. 


Available Through 
Your RCA Distributor RADIO CORPORATION OF AMERICA 


The Most Trusted Name in Electronics 






















































EXCITATION! 


115-VOLTS...400-CYCLES...FOR 
BOTH MOTOR AND GENERATOR 


Now, a Size 8 servomotor-generator 
with both motor and generator wound 
for 115-volt, 400-cycle supplies. It’s 
BECKMAN Model 9008-1106-0, ready 
now to help cut costs in your system 
...aid in achieving greater reliability 
and economy. 


Generator specs show an output of 
0.30 volts per 1,000 rpm, phase shift 
is 0° + 10°. The servomotor turns 
6,000 rpm, no-load speed, its stall 
torque is 0.33 oz. in., and accelera- 
tion at stall is 70,700 rad/sec*. Length 
of this motor-generator complete is 
1.650” and maximum weight is 2.6 
ounces, 

For complete facts on BECKMAN 
Model 9008-1106-0, contact your 
nearest Helipot Sales Representative, 
or write directly to us. 


Actual Size 


Beckman f 
Helipot 


POTS : MOTORS : METERS 
Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 
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to a series of advanced problems are 
included. The 70-page h2zndbook is 
available at $1.75 from Electronic As 
sociates, Inc., Long Branch, N. J. 
PULSE MODULATOR AND 
TRANSISTOR ADMITTANCE 


Vol. II, No. 1 (January/February 1961) 
of Tech News examines the influence of 
parasitic capacitances on pulse-modu- 
lator efficiency. Application of an isolat- 
ing choke to eliminate the influence of 
Meas- 
uring high-frequency transistor admit- 
tance parameters using the Boonton RX | 
meter is described in the same bulletin. 
Admittance parameters were chosen be 
their ease of measuremen’ 
and use in design. Amperex Electronic 


230 Duffy Ave., Hicksville, N 


these capacitances is discussed. 


cause of 


Corp., 


PRECISION RESISTANCE 
MEASUREMENT 


No. 3 of “Design Ideas” bulletin 
presents discussion of three- and four- 
terminal precision-resistance measure- 
ment techniques, 
the latest techniques and equipment for 
calibrating a resistor of any value with 
predictable accuracy relative to a single 
certified resistance standard. Write to 
Electro Scientific Industries, 7524 S. 
W. Macadam Ave., Portland 19, Ore. 


Issue 


INDUSTRIAL TUBES 


Twenty-three-page booklet gives infor- 
mation on equipment using ignitrons, 


describing in detail | 


thyratrons and gas-filled rectifiers. Sug- | 


gestions as to the solution of mainte- 
nance problems on industrial electronic 
equipments are covered. Booklet can 
be procured by 25¢ with 
request to National Electronics, Inc., 
Geneva, Ill. 


enclosing 


FLEXIBLE SILICON STRAIN GAGES 


Technical paper on “Recent Develop- 
ments in Flexible Silicon Strain Gages,” 
presented at 1961 ISA _ conference, 
discusses properties of semiconductor 
strain gages and stresses gage factors 
of over 100, coupled with reasonable 
temperature stability. Applications of 
the semiconductor devices are 
Address request to Micro Systems, 
Inc., 319 Agostino Rd., San 
Calif. 


R-F AMPLIFIER AND MULTIPLIER 
CALCULATION AID 


“Computa-Guide” facilitates 
merical method of Fourier 
used to determine the performance of 
r-f doublers and triplers, as 
Classes B and C 
eliminates much of 


the nu- 
analysis 


r-f amplifiers. Chart 
the 


ponents of a complex wave 


given. | 


Gabriel, | 


well as 


mathematics | 
involved in calculating harmonic com- | 
form, | ! 
enables the engineer to determine how | 
to get the maximum performance from | 
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performance \ 
inthe most \ | 
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\ environments! 


‘SS a 
See 


Waar oxo es 


pe, 
my 


m~, da 


@ Wide Range of Fixed Resistors 





@ Flat and Stack Mounting Power Resistors 


—)--— 


@ Axial-lead Types from 2 to 10 Watts 


@ Adjustable Resistors from 10 to 200 Watts 


H-H “Gray Line” precision 
made resistors are available in 
a wide range of types... incor- 
porate design and construction 
features that assure dependable 
performance in critical applica- 
tions. Non-crazing and high 
temperature enamel, stronger 
core, welded wire connections, 
higher shock resistance and im- 
munity to salt spray and hu- 
midity insure high reliability. 


“Gray Line” fixed, fer- 


rule, axial and adjust- m1. 
able resistors comply ‘SWEET’ 
with MIL-R-26 specifi- | 


cations. 


HARDWICK 
HINDLE:- INC 


40 Hermon St., Newark 5, N. J. 
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a tube and shows him whether the tube 
type is suitable for the application. 
All formulas needed to derive final 
tube performance are printed on guide. 
Guide may be obtained by writing on 
company stationery to Advertising 
Dept., Amperex Electronic Corp., 230 
Duffy Ave., Hicksville, L. I, N.Y. 


POWER SUPPLIES 


Sixteen-page catalog describes standard 
d-c power supplies offered in various 
ratings and test instruments. Complete 
specifications are furnished and_ in- 
clude ratings, features, dimensions and 
weights of the individual supplies 
covered. Available on company letter- 
head request to Opad Electric Co., 43 
Walker St., New York 13. 


GRAPHITE APPLICATIONS MAGAZINE 


Design & Application Technics, a six- 
page quarterly publication, will cover 
development, design, production and 
application of carbon-graphite products 
and materials. The first six-page issue 
includes articles on high-temperature 
testing of carbon-graphite parts and 
powder-metallurgy parts. United States 
Graphite Co., Saginaw, Mich. 


FORCE GAGE 


Used to measure ounces and grams of 
snap-action-switch characteristics and 
application-force requirements, gage is 
being offered to qualified engineers 
supplying name, title, company name 
and estimated yearly switch usage. 
Send $1.00 with request to Cherry 
Electrical Products Corp., 1650 W. 
Deerfield Rd., Highland Park, III. 


SEMICONDUCTOR RELIABILITY 


Booklet I-sw contains graphical and 
statistical data from random evaluation 
testing of 2N665 transistors. Included 
are long-term operating, modulation 
and storage-life data; short-term oper- 
ating-life data and environmental data. 
Copies may be obtained from Delco 
Radio Div., General Motors Corp., 


Kokomo, Ind. 


PULSE NETWORK AND CAPACITOR 
BULLETIN 


Engineering Bulletin No. 10,001 (12 
pages) discusses pulse-forming net- 
works and capacitors for radar equip- 
ment, tube testing and similar pulse- 
circuit applications. In addition to 
good design discussion, there is a 
pulse-service capacitor nomogram for 
finding va. Copies are available on 
letterhead request to Technical Litera- 
ture Section, Sprague Electric Co., 307 
Marshall St., North Adams, Mass. 


See New Components and Materials 
on next page, 
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WOULD 30 DAY DELIVERY 
HELP? Then call Helipot. We'll 
deliver sEckMAN® Panel Meters...in a 
variety of styles, shapes and models... 
within 30 days after receipt of your 
order. Specials may take 45 days. 

Fact is, quick delivery and customer 
service go along with every BECKMAN 
meter... voltmeters, ammeters, milliam- 
meters, and microammeters...in sizes 
ranging from 2%” to 444". 

Best of all, they are excellent meters 


. ...and we can prove it! A Certified Test 


Report (which you may have for the 
asking) gives details of rigidly con- 
trolled tests conducted to find out just 
how good our meters are. In all cases, 
units tested met or exceeded MIL-M- 
10304A. Like we said: they are excellent 
meters. 

Clearly, if you need panel meters, call 
Helipot. Delivery is dependable, quality 
is excellent, and the price is right. The 
other things we could say in favor of 
these meters are contained in the latest 
meter Data File. Send for it: your 
meter problems will be solved. 


7 
%@ 


Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 
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New COMPONENTS and MATERIALS 





A staff compilation of the latest developments . . . 
in electrically operated end products . . 


tions and available application data. 


HEAVY-DUTY TERMINALS 


Line of solderless electrical terminals 
is fabricated from 0.050-in. stock, pro- 
vides protection against terminal failure 


“SS 
in high-vibration applications. Supplied 
in over 200 styles, insulated and non- 
insulated. For 16 and 14 AWG wire, 
terminals feature 14 in. minimum bar- 
rel length. ETC, Inc., 990 E. 67 St., 
Cleveland 3, Ohio. 
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SNAP-ACTION LIMIT 
SWITCH 


Open precision switch is suitable for 
use in high-accuracy, fast-response ap- 
plications where space is _ limited. 
Switches are NO or NC, with either 





plunger or roller lever operators. Unit 
is rated to 40 amp make, 15 amp break, 
a-c; to 2 amp make and break on ST 
forms with 0.040-in. gap, d-c. ST 
switches are suitable for 4% hp, 115 or 
230 volts a-c. General Electric, Sche- 
nectady 5, N. Y. 
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HIGH-TEMPERATURE 

CERAMIC ADHESIVE 

Adhesive with superior bonding 
strength, designated “Melbond CA- 
100,” has maximum service temperature 
of 2600 F after cure at 250 F. Material 
has excellent electrical properties, at- 
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tains high degree of mechanical 
strength. Can be used for coating ce- 
ramic and other refractory materials. 
Exhibits loss tangent of less than 0.002, 
dielectric constant of 1.9 at room tem- 
perature. Special Products Div., Mel- 
par, Inc., 3000 Arlington Blvd., Falls 
Church, Va. 

Circle 503 on Inquiry Card 


SELF-BONDING SILICONE 
RUBBER 


Rubber, designated SE-5504U, affords 
primerless bond to ferrous-containing 
metals. Tensile strength is 1500 psi, 





elongation is 550 per cent. Hardness is 
50 durometer. Material eliminates sur- 
face preparation and application of 
primer. Rubber is bonded under pres- 
sure. General Electric, Silicone Prod- 
ucts Dept., Waterford, N. Y. 
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SOLID-STATE POWER 
SUPPLIES 


Series ZA supplies offer outputs of 100 
and 300 ma, 1 and 3 amp at 12 volts. 
Units feature less than 0.001-volt rip- 
ple rms. Operating temperature range 
is —20 to +65 C. Output impedance 





screened for design-in use 


. complete with all released specifica- 


at 100 ke ranges from 0.15 to 0.9 ohms. 
Units incorporate center tap to provide 
33 volts a-c output. Engineered Elec- 
tronics Co., 1441 E. Chestnut Ave., 
Santa Ana, Calif. 
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ADHESIVE STAINLESS-STEEL 
FOIL 


Self-adhesive foil, 0.003 in. thick, can 
be applied to smooth, dry surfaces. 
Initial contact adhesion ranges from 2 
to 4 lb per in. Adhesion is effective 
over temperature range of —50 to +-300 
F. Resistance to salt water corrosion 
makes material excellent for marine 
applications. Fasson Products, 250 
Chester St., Painesville, Ohio. 

Circle 506 on Inquiry Card 


CLIP CARD READER 


Card and reader provide automatic con- 
trol of program, formula or position 
data. Needs no coding, card length is 
in direct proportion to command signal. 





Direct reading eliminates need for re- 
lays or stepping switches. Capable of 
more than 1] million readings with re- 
peat accuracies of better than one part 
in 1,000. Reader mounts flush with 
front of control panel. Jordan Controls, 
Inc., 3235 W. Hampton Ave., Mil- 
waukee, Wis. 
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CONTACT-BOND ADHESIVE 


Adhesive AF-110 is used for Jow-pres- 
sure bonding, eliminates need for elab- 
orate jigs and fixtures for pressure 
applications, makes adhesive applica- 
ble to production bonding operations. 


Exceeds requirements of MIL-A-5090D, 
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NEW LOW PRICED ‘2N’ 
TYPES FOR COMMERCIAL/ 
INDUSTRIAL APPLICATIONS 
Commercial computers 
Business. machines 
T “ iN S . STO b S Ee 


THE BEST BASIC TYPES, double-diffused silicon with | AT COMPETITIVE PRICES, now comparable or lower than 
low saturation resistance and a reserve of speed, power industrial germanium or silicon transistor types of more 
handling and current range that permit the widest latitude limited performance. 


in circuit design. WITH ASSURED AVAILABILITY through regular Fairchild 

distributors. The Fairchild name and the 2N numbers pro- 
ELECTRICAL CHARACTERISTICS tect the circuit designs you base on these specifications. 
(25° C except as noted) 


Industrial power supplies 
Test instruments 

Monitors and alarms 
Communications equipment 
Medical apparatus 


JEDEC fT bre VeeiSa) VoetSat) Icgq@25°C 
es ah OUTLINE TYPICAL MIN, Max. “CER YCBO Max MAK 


* * 
2N1985 Small signal types for AC and 1S” ay” 
2N1964 DC amplifiers : 35° 100 
2N1983 ? 70* 210" 





2N1987 20 80 
oN 1986 Switching types 2 watts 60. 240 





oniggg High voltage types particularly 
2N1988 suited to video amplifiers and T0-5 . 0 
RF oscillators 


20. 60 60+ 100 


PNP complement to the small 
signal and switching types 





2N1991 50 me 2 watts 





2N1990 Neon tube and Nixie® driver type - 2 watts 


Nixie Registered Burroughs Corporation. 


Write: for full specifications 


545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF. YORKSHIRE 8-8161-TWX: MN VW CAL 853 
A wholly owned subsidiary of Fairchild Camera and instrument Corporation 
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GREAT HISTORICAL LEAKS 


BEITER WiTH 
A HEXSEAL" 


HEXSEALS are modular external seals. 
They fit onto switches, potentiometers, 
circuit breakers and lighted push- 
buttons. 


We also make: 


e SEELSKREWS 


© SEELBOLTS® rel 
A SEALING 
oSEELRIVITS’ ( wsepwane 


e SEELTHREDS® 


APM PRODUCTS MEET 


ALL APPLICABLE MIL SPECS. 





Our list of modular seals is just too long 
for this ad. Let us send you our Catalog 
No. 359B. 
Write or call: 

MISS RIVA SOLINS 


*Trade Mark 


A.P.M. corp. 


41 Honeck Street, Englewood, N. J. 
LOwell 9-5700 
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Type I for metal-to-metal bonding, and 
| MIL-A-25463, Type I, Class 2 for 
honeycomb-sandwich construction. Pro- 
vides metal-to-metal shear strength of 
4000 psi at 75 F, service temperature. 
Adhesives, Coatings and Sealers Div., 
Minnesota Mining & Mfg. Co., 900 
Bush Ave., St. Paul 6. 
Circle 508 on Inquiry Card 


TANTALUM A-C CAPACITORS 


Continuous-duty solid-slug capacitors 
| operate at temperatures ranging from 
| —80 to +125 C, and 85 C without de- 
rating. Four case sizes range from 








0.155 in. diam, 0.600 in. long, to 0.350 
in. diam and 1.600 in. long. Capacitance 
range is from 1.2 to 170 uf. Units are 
hermetically sealed, insulated to with- 
stand 2000 volts from terminal to 
ground. Dissipation factor is less than 
0.05. General Instrument Corp., 65 
Gouverneur St., Newark, N. J. 
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THERMOCOUPLE HEADS 
AND CONNECTORS 


Quick-disconnect thermocouples, 2400 
Series, feature base and terminals im- 
bedded in waterproof molded-neoprene 


a 
ae 


* 








4 
body. Can be used as thermocouple 
head, connection for thermocouple as- 
semblies, or as lead wire junctions. 
Connector pins are polarized to elimi- 
nate possibility of reverse polarity. Gay 
Sales Co., P.O. Box 13232, Houston 19, 
Texas. 
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MINIATURE ELECTROLYTIC 
CAPACITORS 


Line of capacitors provides values from 
1 to 450 pf in case sizes from %¢ in. 
diam and 1% in. length to 1% in. diam 
and 114 in. length. Units feature alumi- 
num cases, welded construction and 
hermetic sealing; leads are radial or 
axial. In nine d-c working voltage rat- 
ings from 3 to 150 volts. Temperature 
range is from —40 to +85 C; units 
meet MIL-C-62A. Cornell-Dubilier Elec- 


em 
a Sr 
cee 





tronics Div., Federal Pacific Electric 
Co., 50 Paris St., Newark 1, N. J. 
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INSTRUMENT CABINETS 


Steel cabinets incorporate blank alumi- 
num front panels, suitable for radio 
receivers, test instruments, and elec- 
tronic assemblies requiring portable en- 
casement. Cabinet is 20-gage steel, with 





spot-welded reinforcing angles. Front 
panel is 1/16 in. thick, secured by four 
knurled screws. Side louvres supply 
ventilation. Finished in black wrinkle, 
front panel is gloss grey. Model illus- 
trated measures 1214 long x 5 high 
x 514 in. deep; weighs 314 lb. Gen- 
eral Metal Products Co., Easton, Pa. 

Circle 512 on Inquiry Card 


HIGH-POWER ROTARY 
JOINTS 


Line of rotary joints covers frequency 
range from 1.27 to 9.5 kmc; peak power 
rating is 3 megawatts when pressurized 
to 30 psig air. VSWR is less than 1.5. 
Units employ coaxial, non-contacting 
choke joints; starting torque is 1.25 
in.-lb. FXR, Inc., 25-26 50th St., Wood- 
side 77, N. Y. 
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From the Indiana Stee/ Products Division 
of INDIANA GENERAL CORPORATION 
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H — KILO OERSTEDS 


Typical Demagnetization and Energy Product Curves for INpox I, V and VI 


INDOx° magnets for creative designers... 
and tough inspectors, too 


TYPICAL CHARACTERISTICS Indiana’s INDOX ceramic permanent magnets not only open the 


doors to new and better design — they give you the added 
| amok | bonus of tested, proved reliability. 


Coercive Force (H.), Oersteds 1,825 Build it smaller, build it cheaper, build it better. How? With 
INDOX ceramic magnets. 
Residual Induction (B,), Gauss 2,200 Why? Inbox provides high resistance to both demagneti- 


Peak Energy Product (8,H,), zation and radiation environments; high resistivity means 
wai wil 1.0x106 low eddy current losses; low incremental permeability; high 
energy per unit weight. 
1.06 Where? Some of the performance proven INDOX applica- 
tions include loud-speakers, ion pumps, traveling wave tubes, 
Coxtficient (Memnetey” 0.19%/°C holding devices, sonar magnetostriction units, synchronous 
J0 


drives, generators, motors. 
mnanementien Sears Fer 10,000 10,000 Why Indiana? Because nobody in the business has the 


Saturation, Oersteds ° . ° 
wealth of experience in ceramic magnet manufacture and 
Chemical Composition BaFey0019 BaFey0019 BaFe, 2019 engineering know-how. We can cite examples of INDOX suc- 
4 50 or ahee cess stories where other materials have failed. If you want 
Specific Gravity 0.17 Ib/cu in 40.181 Ib/cu in 10.162 Ib/cu in to know more about this outstanding material in relation to 
your own designs, write or call us. Ask for Bulletin 8-6. 
Orvis on or 


rey INDIANA STEEL PRODUCTS 
a 


Phone HOward 2-3131 — Direct Distance Dialing Code 219 
VALPARAISO, INDIANA 
GENERAL 


CoRnPoRAtION INDIANA PERMANENT MAGNETS 
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You get MORE THAN A MOTOR with 


General Electric's Form G... for example... 


Ease of 


Assembly 


Fast, easy assembly is an unchallenged virtue of 
the General Electric Form G fhp motor. Mount it in 
a few minutes. Hook it up in seconds. 

Count on savings in both installation time and 
costs. And ... rest assured you’re including the best 
fhp motor that money can buy. 

In addition to fast assembly on your product, you 
get these MORE THAN A MOTOR benefits with 
General Electric Form G motors: Years-ahead Design 
Leadership ... Expert Application Aid . .. Versatility 
Personified ... On-time Delivery ... Fast, Local Service. 





THESE YEARS-AHEAD FORM G MOTOR FEATURES 
SPEED ASSEMBLY, CUT SHIPPING COSTS 


1. EASY TO HOOK UP—An enlarged 
wiring compartment and a clean ter- 
minal board give you greater accessi- 
bility; speed 
assembly-line time and money. 


connection; save you 


3. FAST LEAD CONNECTION—Quick- 
connect wiring tabs on all external and 
internal terminals cut wiring time in half. 
Simply plug in leads for fast, easy, posi- 
tive connections. 


5. COMPACT, LIGHTWEIGHT—Up to 
50% lighter, 40% smaller than old-style 
motor designs, Form G motors cost less 
to handle, install and ship; cut down 
assembly-line fatigue. 


2. FAST CONDUIT CONNECTION—A 
special speed nut, welded inside the 
motor shell, permits conduit connection 
from outside; makes hookup fast, easy; 
simplifies motor installation. 


4. SAFE, SIMPLE GROUND—A built-in 
grounding lug on General Electric Form 
G motors permits fast, easy grounding 
of a third lead (when required) to meet 
UL standards. 


6. ALL-ANGLE OPERATION—All-angle 
sleeve bearings and positive oil retention 
system allow you to mount standard 
Form G motors in any position. No need 
for costly specials. 


These added values can be yours at no extra 
cost. So why settle for less? Form G fhp motors are 
available in NEMA 48 and 56 frames. For more in- 


formation, call your G-E Sales Engineer or write 
for bulletin GEA-6424 to Section 721-09, General 
Electric Co., Schenectady 5, N. Y. 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 








EVEN AT HIGH 
TEMPERATURES, MYLAR® 
HELPS MOTORS RUN 
TROUBLE-FREE LONGER! 


Mylar* polyester film resists the three 
main causes of motor failure—heat, hu- 
midity and physical stress. Tempera- 
tures in the Class B range have relatively 
little effect on the electrical characteris- 
tics of ‘‘Mylar’’. It’s also 35 times more 
moisture-repellent than rag paper... 8 
times stronger... and can’t dry out be- 
cause it contains no plasticizer. ‘‘Mylar’’ 
also helps reduce size and weight of 
motors, and gives them an extra safety 
margin from shock because it repels 
moisture so well. 

Capacitors benefit from ‘‘Mylar’’, too. 
Last longer, are more reliable... at no 
greater cost than paper units for simi- 
lar service. In a wide variety of applica- 
tions, ‘‘Mylar’’can improve performance, 
lower costs. Here are some more rea- 
sons: « dielectric strength of 4,000 
v/mil.** « thermal stability from —60°C. 
to over 150°C. « resistance to chemicals, 
aging, abrasion and tearing. Best of all, 
you can use less, often pay less... be- 
cause you get all these advantages in 
thinnergauges. Evaluate ‘‘Mylar”’ for your 
product. Write for free booklet (SC) detail- 
ing properties and applications. Du Pont 
Co., Film Dept., Wilmington 98, Delaware. 





DU PONT 


ATV 





POLYESTER FILM 





*v at 
BETTER THINGS FOR BETTER LIVING *Registered Du Pont Trademark. 
THR H CHEMISTRY *tASTM D-149. 
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SOLID-STATE 1-F AMPLIFIERS 


Plug-in amplifiers provide gains to 80 
db, available at center frequencies of 
455 ke, 1, 4.3, 10.7 and 30 mc. Band- 
width is adjustable in all units. Single- 
stage units offer gains to 20 db, meas- 
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ure 1%. in. diam x 1% in. long. Unit 
plugs into 7-pin tube socket. Ferrotran 
Electronics Co., Inc., 693 Broadway, 
New York 12. 

Circle 514 on Inquiry Card 


BOUNCE-FREE 
TOGGLE SWITCHES 


Series of toggle switches avoids contact 
bounce, false signals; offers no measur- 
able contact resistance. Units are sealed 
in molded cases, provide operating 
temperature range from —60 to +250 
F. Minimum switch life is 10 million 


operations. Contact arrangements are 
SPST, SPDT, DPST, and DPDT. Con- 
tact rating is 10 amp at 250 volts a-c; 
with screw or solder terminals. Elotec 
Corp., 1425 Lidcombe, El Monte, Calif. 

Circle 515 on Inquiry Card 


TRANSDUCER FORCE GAGE 


Model 2106 gage incorporates three 
force transducers which simulate point 
force loading. Sensitivity is 7 millivolts 
per lb, stiffness is 2 X 107 lb/in. Res- 
onant frequency is a function of test 
specimen. Frequency response is +5 
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TeEcCKNIT 
FUZZ BUTTON — 


The wl 


pu relsabl ” 


dry circuit contact 


available today! 


Tecknit Fuzz Buttons, a new 
concept in high-reliability con- 
tact design, are made of knitted 
wire mesh compressed into a 
resilient form. 

These Fuzz Buttons make re- 
liable contact under dry circuit 
conditions. They are made of 
wire having a contact radius of 
.0005” to .0015”, resulting in a 
pressure high enough to break 
through non-conducting films 
with a relatively small total 
force. Additional reliability is 
gained from the redundancy of 
contact made to the same wire 


ee ee ee ee ee ee es ee ee ee ee ee ee 


ECKNIT’ 


Technical Wire Products, Inc. 

48 Brown Avenue, Springfield, N. J. 

PHONE: Area Code 201—DRexel 6-3010 
TWX: MLBN 40 


in at least four or more places. 

For anti-bounce characteris- 
tics, Fuzz Buttons have a 
built-in mechanical hysteresis. 
Impact energy is absorbed by 
internal friction and softened 
by the non-linearity of com- 
pression. This makes Fuzz 
Buttons ideally suited for 
relays, switches, choppers and 
similar devices where contact 
bounce is a difficult problem. 

For a free sample and tech- 
nical literature from Tecknit 
Design Service, mail the coupon 
below — today! 


Technical Wire Products, Inc. ET661 
48 Brown Avenue, Springfield, N. J. 
Please send me 

Fuzz Button samples and literature. 


NAME 
COMPANY 
ADDRESS 


CITY... ZONE STATE 


Circle 197 on Inquiry Card 








P= 


N 
ppb at NL hd 


om 


PHILCO 


| 
ml CT a7 
McBEE | PRECISION 


| 
| 
| 
F 





THESE FAMOUS COMPUTER MAKERS 
USE SANGAMO ENERGY STORAGE CAPACITORS 


Sangamo Type DCM electrolytic capacitors are especially designed for use 
as energy storage components in DC circuitry where peak power require- 
ments exceed the maximum output of the associated power supply. They 
operate under high temperature conditions, minimize ripple voltage and add 
stability and long life to low voltage power supplies. 


That's why these computer manufacturers use the Sangamo DCM. That’s 
why you gain by turning to Sangamo for your capacitor needs. 


Complete data on Type DCM Capacitors is detailed in Sangamo’s Engineer- 
ing Catalog 2231. Contact your Sangamo Representative, or write us for 
your copy. 


SANGAMO ELECTRIC COMPANY 


EC6!-2 SPRINGFIELD, ILLINOIS 
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per cent, 2 cps to % resonant fre- 
quency with 1000-megohm load. En- 
devco Corp., 161 E. California Blvd., 
Pasadena, Calif. 

Circle 516 on Inquiry Card 


MINIATURE D-C RELAY 


Series MK relay offers contact arrange- 
ments of SPDT and DPDT, occupies 
less than 4% cu in. Contact rating is 
1 amp resistive, 0.6 amp inductive at 





26.5 volts d-c or 115 volts a-c. Operating 
temperature range is —55 to +85 C. 
Units withstand 10 g vibration. Dimen- 
sions are "%4 x *%o x 5% in.; weight 
is less than 11 gm. Elgin Advance Re- 
lays, 2435 No. Naomi St., Burbank, 
Calif. 

Circle 517 on Inquiry Card 


ELECTRONIC RACK CABINET 


Heavy duty Model FT-192 rack provides 
for heavy loads and stable anchoring 
points for components. Adjustable 
channels facilitate mounting slides or 
chassis. Hinged rear door provides ac- 





cess to internal components. Units are 
suited for modular unit expansion. 
Dimensions are 24 x 77 x 24 in.; finish- 
ed to individual specifications. Falstrom 
Co., 185 Falstrom Court, Passaic, N.J. 
Circle 518 on Inquiry Card 


PLANAR TRIODE CAVITIES 


“Universal 10” series cavities are used 
as oscillators, amplifiers and multi- 
pliers. In frequency ranges of 220 to 
4300 mc, in pulse and continuous wave 
units. Pulse oscillators deliver to 2 kw 
of power output at 1000 mc. Amplifiers 
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Practical approach to compactness 
is demonstrated by this flame 
retardant, interphase insulating barrier 
for magnetic air circuit breakers. 
When the equipment was designed, 
CDF utilized its extensive knowledge 
of adhesives and post-forming 

to provide the barriers from a flame 
retardant, paper base phenolic 
laminate. 


Result: two pieces bonded together 
to provide three channels in one unit, 
reducing size and cost, yet 
maintaining effective electrical 
insulating properties. 


A few facts on the laminate: 
Flame resistance: ASTM D-635 
... self extinguishing 
Water absorption, % 
Flexural strength, psi 
Specific gravity 
Dielectric strength, parallel, kv... 40 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE ® A SUBSIDIARY OF THE -ffaa/ COMPANY, 
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For overcurrent protection that fits hand-in-glove with tight operating specs, try the 
Heinemann Type C Overload Relay. You can practically design it yourself, to your particular 
requirements. And at reasonable cost. You not only can specify the exact integral or frac- 
tional continuous-duty current rating you need (between 0.02 and 60 amps), you can spec 
response characteristics, too. Within broad overall limits, you can have the precise time- 
delay-vs-overload action you want. All you have to tell us is the time within which actua- 
tion must occur at any specified overload value. In most cases, this value can be as low as 
115% rated load. (Because the Type C is magnetically actuated, the calibrated trip points 
you select will remain constant for the life of the relay—no ambient-temperature compen- 
sation is necessary.) m@ Optionally available with trip indication and lock-out features, the 
Type C Relay is fully described in our Bulletin 5103. Write for a copy. 


HEINEMANN ELECTRIC COMPANY, 101 BRUNSWICK PIKE, TRENTON 2, N. J. 





SA 2389 
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deliver 12 to 13 db gain at 1000 me. 

J-V-M Microwave Co., 9300 West 47 

St.. P.O. Box 111, Brookfield, Il. 
Circle 519 on Inquiry Card 


SLIDE-WIRE POTENTIOMETER 


Model 85176 potentiometer offers from 
1 to 10 complete turns, or partial turns, 
with resistance from 1 to 10 ohms per 
turn. Linearity is 0.025 per cent, life 
is 1 million revolutions. Unit features 





precious-metal brushes, ball bearings 
and mechanical stops. Measures 1.825 
in. diam x 1.812 in. long, with or with- 


| out taps. Giannini Controls Corp., 1600 
| So. Mountain Ave., Duarte, Calif. 
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| CONNECTOR STRAIN RELIEF 


Positive strain-relief assembly G77 is 
used with electrical connectors with 
molded backshells. Assembly consists 





of body, straps and clamps. Reduces 
strain on wires at solder joints; as- 
sembly transfers strain to cable body. 
Glenair, Inc., Glendale 1, Calif. 
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INSULATED SCREWS 


Self-locking nylon “Insul-Screw” is 
waterproof, resistant to grease, oil and 
acids. Screw core is cold-drawn steel, 
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Special Century Motors Control 
Belt Screech 


These Century polyphase motors are designed for low starting 
torque. They are mechanically interchangeable, rating for rating, with 
Standard Design B motors. But, as shown in the speed-torque curve, 
they are internally designed for static torque only 50% more than full 
load torque. There are some applications where this low torque at 
standstill is an advantage. 


Belted drives have always been the cause of some noise—the same 
disturbing sound made by tires skidding on pavement. Flat belts had 
a characteristic sound at all times, varying from a “‘singing’’ sound to 
a real “‘screech.”’ In recent years, quiet belted drives have been pos- 
sible with the universally used V-belts. A continuing problem has been 
to start the driven machine without a few seconds of screech. When 
the typical motor (Design B or Design C) is energized, it develops so 
much torque that even properly applied V-belts are apt to screech as 
they bite into the sheaves. In many locations this noise is objection- 
able. And the high starting torques impose unnecessary strains on the 
driven machine. 

For driven machinery (such as blowers) having a low starting 
torque requirement, we have found that the objectionable noise can 
be eliminated by this special design motor. This proved to be a simple 
solution to a vexing problem for several 


~ 


PER UNIT SPEED ————> 





20 
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Comparison of typical rating — NEMA DESIGN “B” and SPECIAL LOW TORQUE DESIGN 


of our customers. For help on your motor CENTURY ELECTRIC COMPANY 


problems, call your Century Sales Office. 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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PRINTED CIRCUIT 
LAYOUT MACHINE 


ART-MECH rapidly translates freehand sketches 
directly into accurate, ready-to-use master 
transparencies — eliminating costly, time-con- fl 
suming tape layouts and photo reductions. 





ART-MECH precision drills 
etched boards—eliminating the 
need for custom drill jigs. 


ART-MECH meets breadboard, 
prototype and production 
needs. 


PAT, PEND. 


SAVE TIME—REDUCE COST 





3000 ARLINGTON BOULEVARD, FALLS CHURCH, VIRGINIA 
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A PART OR A PACKAGE 


A PART: Miniature fixed ratio speed changers 


RATIOS: 448 ratios from 1:1 to 531441:1 
HORSEPOWER: .025 maximum 

TORQUE: 24 oz-in maximum 

SPEED: 10,000 RPM maximum 

BACKLASH: Less than 15’, on anti-backlash Series 9 
WEIGHT: 3 to 6 oz depending on ratio 

BEARINGS: double, heavy-duty ball 

MOUNTINGS: available with versatile foot mounts 
DELIVERY: 10 days 


A PACKAGE: Call on Metron for help with your speed changing 
design problems. Tell us what results you are after; we’ll call on 
18 years’ experience in making miniature speed changers and pre- 
cision instruments to come up with the right package for you. 
Send your prints today —or, better yet, call us now! 


“<x — METRO 
Fite N INSTRUMENT Co. 
Ries elron > 482 Lincoln, Denver 3, Colo., PE 3-3764, TWX: DN 194 
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cadmium plated. Head styles include 
round, fillister, flat and round washer 
head. Sizes are 6, 8. 10 and 14; lengths 
range from 14 to 1% in. Graphic Arts 
Research Foundation, 114 W. Kinzie 
St., Chicago 10. 
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ENVIRONMENTALLY 
SHIELDED CAPACITORS 


Environmental electrical shielding of 
variable capacitors permits use of capa- 
citor under radiation conditions. Shield 
protects capacitance curve against out- 
side electrical effects. Units employ 





metal faceplate forming interference- 
proof enclosure. Lead holes are provid- 
ed for insertion of wires or cables into 
capacitor. Hammarlund Mfg. Co., 460 
W. 34th St., New York 1. 
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LOW-SPEED GENERATOR 


Improved 60-cps, 1200-rpm generator 
delivers 0.5 kva, as opposed to former 
rating of 0.25 kva. Unit features brush- 
less construction, high overload capa- 
city, virtual immunity to impairment 





by short circuit. Higher ratings are 
available in 1200 and 1800 rpm gen- 
erators. Dimensions of 1200 rpm unit 
are 6144 x 10 x 9 in. Georator Corp., 
Manassas, Va. 
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POLYSTYRENE CAPACITORS 


Capacitors, designated “20 Series,” are 
hermetically sealed in metal cases, meet 
MIL-C-19978, Characteristic P. Capa- 
citance values range from 0.001 to 1.0 
pf; voltages from 100 to 600 volts d-c. 
Operating temperature range is —55 to 
+85 C. Dielectric absorption and dis- 
sipation factor is less than 0.1 per cent 
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0111 Series 


TOGGLE SWITCHES 


Enclosed in impact-resistant 
molded phenolic, all basic McGill PORTER CABLE ends switch service complaints 
LEVOLIER toggle switches are The No. 25 6 amp. 115-250V toggle switch is 
dust-proof, vibration-proof. Avail- used on the well-known Porter-Cable Model 
able as standard in 6 amp. to 20 145 electric finishing sander. Dust-proof, vi- 
amp. models with added DC and HP bration-proof in its phenolic case, it provides 
ratings; single pole or double pole, thoroughly dependable operation in an ap- 
Choice of wire leads, soldering plication where dust, vibration and rapid 
lugs or screw terminals on heat changes are practically integral parts 
most models. of the operation. Porter-Cable chain saws 

use McGill switches also. 


0800 Series 


SWITCHES 


1901 Series 


20 AMP ROCKER SWITCHES MOMENTARY CONTACT SWITCHES 


A new series of switches to meet the appearance, Designed especially to apply extra perform- 
operational, dimensional and cost requirements of 2 ance and life advantages where 30 amps., in 
wide range of appliance and electrically powered small size, can simplify assembly and elimi- 
equipment applications. Hundreds of variations with nate auxiliary components. Simplified mo- 
respect ‘to actuator colors and sizes, mounting brack- mentary contact switching action utilizes 
ets, circuitry and terminals are available to solve two precision wound stainless steel springs. 
your specific problem. Heavy duty construction and Contact bounce is eliminated. Solid copper 
20 amp 125V AC 1% HP ratings assure long, depend- contacts are inlaid with silver cadmium ox- 
able life. ide. Ratings to 30 amp., 125-250 V with 2 
amp. 125V DC and 2 HP 250 V AC ratings. 
6 actuators and choice of terminals. 


Specially Engineered McGill Switches 


If you have a special switch requirement, ask us for help. 
Sometimes we can make a minor modification of an 
existing switch, sometimes it really takes a new design. But 
chances are we can help you with a switch that will 

do the job right — and save you money in assembly: 

time too. Write or call today. 


engineered electrical products a me & 


precision needle roller bearings 


NEW CATALOG 


No. 60 is just off the press, It’s yours for 
the asking — write for your copy today. 


McGILL MANUFACTURING COMPANY, INC., Electrical Div., 700 N. Campbell St., Valparaiso, indiana 
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Friden makes a 
desk calculator that 
does this automatically 





e 
¥ 


The Friden Model SRW is the only 
calculator in the world that extracts 
square root at the touch of a key. 


Because it does, a tedious, time-con- 
suming job becomes as easy (and as 
quick ) as entering the radicand, fixing 
the decimal point, reading the answer. 





Because the time it saves generally belongs to high-priced people, 
the SRW will pay for itself even if used only a few times a day for 
square root. (The Model SRW is also a complete desk calculator 
in its own right, with all of Friden’s time-saving features. ) 

Call your local Friden Representative for a no-obligation, ten-minute 
demonstration. Or write: Friden, Inc., San Leandro, California. 


THIS IS PRACTIMATION: automation so hand-in-hand with 
practicality there can be no other word for it. © 1961 FRIDEN, INC. 


SALES SERVICE AND INSTRUCTION 


‘ 


git 
‘ 


THROUGHOUT THE VU. S. AND WORLD 
‘ 
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at 1 ke. General Products Corp., Union 
Springs, N. Y. 
Circle 525 on Inquiry Ca:d 


THREADED MINIATURE 
INSERTS 


Expansion inserts, in screw sizes 0-80 
to 3-48, are suited for molded plastic 
parts requiring miniature-size threads. 
Insert is installed in plastic after mold- 





ing. Size 2-56 provides average of 110 
lb of pullout strength, withstands up to 
8 in.-lb torque. Phelps Mfg. Div., Heli- 
Coil Corp., 288 Shelter Park Lane, Dan- 
bury, Conn. 

Circle 526 on Inquiry Card 


SIZE-11 MAGNETIC CLUTCH 


Line of clutches and brakes features 
output torque of 80 oz-in. with power 
consumption of 3 watts at 24 volts d-c. 
Clutching and braking is accomplished 





without angular displacement or axial 
motion. Precision ballbearings used are 
ABEC 5 or better. Breakaway torque 
is 0.15 oz-in., engagement time is 15 
millisec max. Operating temperature 
range is —55 to +120 C. Guidance 
Controls Corp., 110 Duffy Ave., Hicks- 
ville, N. Y. 

Circle 527 on Inquiry Card 


MAGNETIC REED SWITCH 


Model MRG-1, a miniature dry-reed 
switch, has gold-plated contact, is her- 
metically sealed. Glass body is 34 in. 
long, % in. diam. Rated at 12 volt-amp 
max, resistive to 4% amp, to 250 volts 
a-c; contact resistance to 40 to 60 milli- 
ohms. Life expectancy is 5 million 
operations at full rating. Arrange- 
ments are NO or NC with bias magnet. 

(Continued on page 210) 
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All these laminations are made from 


When do you specify 
ROR a transformer grade”? 


In 1958, Carpenter introduced High Permeability ‘49”— 
Transformer Grade as a companion to High Permeability “49” 
—Rotor Grade. Both offer greatly improved permeability. 
The main difference is one of crystalline and magnetic direc- 
tional properties. After annealing, Rotor Grade has random 
crystalline orientation; Transformer Grade, partial crystal- 
line orientation. 


was specifically developed to meet the 


requirements of servos, resolvers, specialty motors and 
other rotary equipment. The material, usually under .020”, 
is punched into rotor or stator laminations similar to those 
shown. When annealed under normal field practices, Rotor 


Se a PEL TL 


nO Grade produces random directionality. When annealed at 


He'd STU YAU YAU 
.014” Rotor 5,000 9,000 23,000 30,000 41,500 
.014” Transformer 8,000 13,500 30,000 37,000 42,500 
RUM lg 5,500 10,000 27,000 40,000 55,000 
RU MUS ume LLC RU UIC CRUCIAL LSS R EE 1 


Both ‘Rotor Grade’ and “Transformer Grade” offer im- 


temperatures under 1800°F, Rotor Grade will have the lowest 
coercive force (H,), and lowest core loss. 


iclismaimeciicm was designed to give the higher per- 


meability required by specialty transformer manufacturers. 
Laminations made from strip under .020” are usually DU, 


proved permeability. These are the new minimum perme- 
ability limits for. the two types of lamination strip .006” 
and .014”. 

El, F shapes or combinations. 


[arpenter sted! 


you can do it consistently better with Carpenter specialty steels for specialists 
The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 


rs et 
My Alloy Tube Division, Union, N. J. 
ey) Webb Wire Division, New Brunswick, N. J. 


Carpenter Steel of New England, Inc., Bridgeport, Conn. 


f 
St 


gee 
el 


JUNE 1961 Circle 206 on Inquiry Card 





: 
Z 


Whats your problem? If you can solve it with a 


New Cutler-Hammer operator options provide top flexibility... 
world’s best oiltight limit switch 


For any use, anywhere, in any position... you just  spection. For full details on this complete new line, 
can’t buy a more reliable, longer-life switch. No write for Pub. ED-145-L231. 

other switch is sealed more effectively . . . effective- For any electrical control problem, contact your 
ness we’ve proved under test conditions so rugged local Cutler-Hammer sales office or distributor. 
they will never be equaled in actual service. Even They'll supply you with the finest electrical com- 
the silver-to-silver contacts are visible for quick in- ponents, the finest service and technical help. 








CON TROL 





ay 





a 





a. gy 










E 





Many operator options, many special new features, including four position operator head 





limit switch, your best answer's here! 


WHAT’S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer tnc., Milwaukee, Wisconsin e Division: Airborne Instruments Laboratory « Subsidiary: Cutier 
Hammer International, C. A. ¢ Associates: Cutler-Hammer Canada, Ltd.; Cutler-Hammer Mexicana, S. A 
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REDUCED CORE 
LESS EXCITING CURRENT 
WITH NEW WESCOR* CORE 


LOSS... 


New Westinghouse Wescor core com- 
bines the improvements in quality and 
permeability of Hipersil® steel with a 
newly developed method of forming a 
series of step-lapped core joints. Re- 
sult: higher possible working induc- 
tions in the magnetic circuit. In fact, 
core loss is 33% less than equivalent 
type C core . . . with comparably lower 
exciting current. 

Wescor cores are pretested and ship- 
ped from stock in 27 sizes, ranging from 
30 to 400 pounds. More details from 
your nearest Westinghouse representa- 
tive, or write Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 
30, Pennsylvania. *Trademark 


yes Westinghouse 


You can be sure .. 


J-70953 
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Hamlin, Inc., Lake and Grove Sts., 
Lake Mills, Wis. 


Circle 528 on Inquiry Card 


ANALOG-TO-DIGITAL 
CONVERTER 


Panel-mounted Model 101 converter has 
conversion rate of 0.5 psec, measures 
6% x 3% x 614 in. Input voltage is 
10 volts at impedance of 250 ohms. 
Accuracy is +0.5 per cent, +14 least 





significant digit. Visual display on front 


| panel provides 2 binary-coded decimals. 


| 


Unit may be mounted as a plug-in 
module. General Data Corp., 11602 
Ninth St., Garden Grove, Calif. 


Circle 529 on Inquiry Card 


VALVE MANIFOLD BASE 


| Modular manifold base for multiple- 
| mounting control valves features com- 
mon supply, exhaust and wiring conduit 
ports. Can be ganged end-to-end t 





- 
, \e ‘ et 
% ¥ eC e e 
o-” 
manifold, two or more valves in a 


single assembly. Base is of cast alumi- 
num, cylinder ports are side and bot- 
tom tapped, *4, % or 34 in. NPT. 
Electrical connections, valve to base, 
are plug-in. Hunt Valve Co., 1913 E. 
State St., Salem, Ohio. 


Circle 530 on Inquiry Card 
LAMP ADAPTER 


Adapter for T-1 miniature incandescent 
lamps provides convenient holder, will 
fit any standard miniature bayonet-base 
socket. Unit is available with or with- 
out T-1 ultraminiature incandescent 





e 





SPECIAL 
CABLE 
CONSTRUCTIONS 


Solid or stranded copper conduct- 
ors; tinned—silver plated 


Tefion or silicone rubber insulation 


Twisted pairs; multiple conductors 


Jackets of Nylon, Teflon, fiberglass 
or silicone rubber 


@ Braided metal shielding 


These and many other special cable constructions are 
available to you from the Markel Line of Excellence. 
Phone, write or wire your specs for a Markel quotation. 






L.FRANK & SONS 


ZL SOURCE for EXCELLENCE in 
Insulating Tubings, Sleevings, and Lead Wire 


NORRISTOWN, PENNSYLVANIA 
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XY-(T) RECORDER: 


NEW! 
Model 135 AUTOGRAF 


Ultra-compact,transistorized 

circuitry. Built-in calibrated X-axis 

time sweeps, 16 calibrated ranges (each 

axis) plus stepless range control. Portable, 
rack or table mount, 102s” x 164" x 444”, weighs 
only 20 Ibs.! Includes all popular AUTOGRAF 


features for maximum usefulness, versatility. 


change without notice 


=, recorders F.L. MOSELEY CQO. 


Dept. T-6, 409 N. Fair Oaks Avenue, Pasadena, California 
MUrray 1-0208 TWX PASA CAL 7687 
Field representatives in all principal areas 6846 
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FURNAS / 
ELECTRIC 





For many years Furnas Electric has pioneered development 
of outstanding magnetic control features that are now used 
extensively throughout the motor control industry. Among 
“Furnas Firsts” are the outstanding features listed below. 


TRULY TRIP-FREE THERMAL OVERLOAD RELAYS —melting alloy type. 
Non-adjustable trip features assure tamper-proof operation. 


ENCAPSULATED DUAL VOLTAGE COILS—greater heat dissipation, 
and greater mechanical strength. 110-220 or 220-440 volts. 


IN-BETWEEN SIZES —provide wider selection of controls to match your 
motor requirements, effecting savings in cost and space. 


AUXILIARY SWITCHLETS —offer easy means for adding auxiliary cir- 
cuits to the starter at any time. 


PRESSURE OPERATED MAGNETIC STARTERS —a single unit offering 
pilot control for pneumatic and hydraulic systems, eliminating unneces- 
sary wiring and piping. 


Write today for full information—1024 McKee Street, Batavia, Illinois 


FURNAS 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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ELECTRIC COMPANY -: Batavia, IIlinois 


lamp. Industrial Electronic Engineers, 
Inc., 5528 Vineland Ave., No. Holly- 
wood, Calif. 

Circle 531 on Inquiry Card 


VARIABLE-SPEED PULLEYS 


Series of wide V-belt pulleys is rated 
at 1 to 5 hp at 1750 rpm, provides 
instantly variable ratios to 3 to 1. 
Pulley face is actuated by spring and 





cam assemblies. Standard bore sizes 
are 5 to 14% in, keyways “eo x %2 
in. and 44 x \%& in. Bore lengths are 
2% to 35 in., max pitch diam 5.78 to 
8.62 in. Motor travel 34 to 4 in., 
dimension 5% to 71% in. long by 6 to 9 
in. OD. Hi-Lo Mfg. Co., affiliate of Love- 
joy Flexible Coupling Co., 4891 W. 
Lake St., Chicago 44. 

Circle 532 on Inquiry Card 


SERVO AMPLIFIERS 


Line of four instrument amplifiers 
drives Size-18, 60-cps servomotor rated 
at 9 watts per phase. Input networks 
are single-ended, summing or floating 
differential; outputs are _ identical. 





Power requirements are 6.3 volts at 
1.5 amp. Units measure 4 x 8 x 3 in., 
weigh 36 oz. Industrial Control Co., 
Central Ave. at Pinelawn, Farmingdale, 
N. Y. 

Circle 533 on Inquiry Card 


HERMETIC CONNECTORS 


Line of miniature sealed connectors, 
designated Type EHMM, mates with 
standard corresponding connectors in- 
corporating socket contacts. Units are 
compression sealed. Bodies and pins 
are fused with glass, providing perform- 
ance which meets MIL-C-8384 require- 
ments. Current rating is 3 amp, voltage 
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the strong case for Centricores 


When you’re considering magnetic cores 
it pays to get down to cases. The sturdy 
aluminum case for Centricores assumes 
special importance where impact, vibration, 
heat or mechanical pressure could cause 
trouble in a control loop you’re designing, or 
where you want to miniaturize an inductive 
component. 


The case is ruggedly rigid, so that you can 
apply your circuit windings without danger of dis- 
torting the core’s magnetic properties. And the case 
is absolutely leakproof. You can vacuum-impregnate 
Centricores without danger of their damping oil 
leaking out or foreign matter leaking in. The tightly 
sealed case also guards against leakage in applications 
where high ambient temperatures are present, or 
where Centricores are used in rotating equipment. 


Here’s a tip on miniaturization. The rugged 
design of the Centricore case permits use of a thinner 
gage aluminum that shaves fractions of an inch off 
their size—fractions that can add up to precious 
inches where you want to scale down component 
dimensions. Centricores are the slimmest magnetic 
cores on the market. 


Centricores are the most uniform. They 
give the exact performance you want, from core to 
core and lot to lot. Their remarkable consistency in 
insulation, dimensions, squareness, thermal stability 
and gain is the product of unique quality controls 
that begin with the very selection of raw materials 
and extend through final testing. 


Write for complete data. Centricores are avail- 
able from stock from our East and West Coast 
plants in all standard sizes and magnetic qualities, 
and in both aluminum and phenolic cases. We will © 
match them within 5 per cent over the entire 
voltage-current loop, in sets, units or in multiples 
up to twelve. Write for detailed specifications today. 


Hayes Avenue at 21st Street, Camden 1, N.J. 

853 Production Place, Newport Beach, California 
transformer laminations « motor laminations « tape-wound cores 
powdered molybdenum permalloy cores « electromagnetic shields 


MAGNETIC METALS COMPANY &) 


JUNE 1961 Circle 212 on Inquiry Card 213 








High-torque, fast-reversing 


Barber-Colman quality motors 


for low-cost servo systems 


utilizing either transistor 


or vacuum tube control 





THE MARK OF QUALITY 


BARBER 


COLMAN 





FAST-REVERSING 
LOW-INERTIA ROTORS 


HIGH STARTING TORQUE 
ELECTRODYNAMIC BRAKING 


ADAPTABLE TO SPLIT-PHASE 
CAPACITOR OPERATION 


AVAILABLE WITH 2-PHASE OR 
ELECTRONIC CONTROL WINDINGS 


AVAILABLE WITH OPEN OR 
CLOSED GEAR REDUCTIONS 





a-C small motors 


Barber-Colman shaded pole reversible 
motors are adaptable to a variety of elec- 
tronic control circuits to meet the many 
different requirements of applications de- 
manding a compact, powerful, fast-re- 
versing motor. In many servo systems 
they satisfactorily replace motors costing 
twice as much. Ratings are from .00015 
to .04 hp. For further information write 
for literature on use of these motors in 
servo systems with transistor or vacuum 
tube amplifiers. 


THE WIDE LINE OF BARBER-COLMAN A-C MOTORS 
includes unidirectional, synchronous, and 
reversible types . . . with or without re- 
duction gearing . . . open or enclosed. 
Stator and rotor sets also available. 
Write for quick reference file. 


BARBER-COLMAN COMPANY 
Dept. R, 1203 Rock Street, Rockford, Illinois 
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| breakdown is 1200 volts rms. Connec- 
| tors have from 5 to 44 contacts. Escon, 
| Inc., 735 Branch Ave., Providence, R.I. 


Circle 534 on Inquiry Card 


| SOLID-STATE POWER SUPPLY 


Frequency-regulated inverter IF A-1260- 
25 converts 12-volt d-c source to 117- 


| volt a-c, 60 cps output. Power output 
| is 375 watts max, output regulated to 





60 +1 eps. Efficiency is greater than 80 
per cent at full load. Unit operates over 
temperature range of —55 to +60 C. 
Measures 414 x 534 x 8 in., weighs 12 
lb. Kupfrian Mfg. Corp., 395 State St., 
Binghamton, N. Y. 

Circle 535 on Inquiry Card 


CATHODE-RAY TUBE 
Tube El1E11 enables direct optical 
printing at high speed on film and 


light-sensitive materials. Utilizes fiber- 


optics-principles. Heater voltage is 6.3 
volts, heater current, 0.3 amp. Deflec- 





tion factor is 280 volts per in. Elec- 
trostatic focusing and_ deflecting. 
Measures 1.03 in. diam x 4% in. long. 
Litton Industries, 960 Industrial Rd., 
San Carlos, Calif. 

Circle 536 on Inquiry Card 


MINIATURE PUSHBUTTON 
ENCLOSURES 


Line of enclosures is for use with stand- 
ard miniature pushbuttons, switches 
and pilot lights. Neoprene cover gasket 
protects against seepage of oil, dust 
and water into enclosure. Removable 
cover is secured by captive screws. Fab- 
ricated of 14-gage steel and phospha- 
tized after fabrication, finished in gray 

(Continued on page 217) 
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anyone 
can 


plug 


—brush 


RECORDER MARK |! 


tin 


put it 
in writing 
anywhere 


There is no direct writing recorder on the market that approaches the compact 
Mark II in sheer usefulness. It is a completely integrated engineering tool 

that can be operated by anyone... in the shop or in the field . . . for countless 
research or design requirements. Every function necessary for uniform, 

crisp, easily reproduced readouts is ‘“‘built-in’”. The Mark II gives you two analog 
channels plus two event markers; 4 chart speeds; DC to 100 cps response 

with 40 mm amplitude; 10 mv/mm sensitivity; high input impedance. 

Ink or electric writing models. Immediate shipment from stock. 


brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS | CLEVITE)| CLEVELAND 14, OHIO 
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another Sarkes Tarzian 
production breakthrough! .. 





Specifications at 25° C 


Zener Test 
Current 
(MA) 


Tarzian 
Type 
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1-watt 


© 
‘Ta TZlan Epoxy enclosed 
‘ ‘ 6 to 105 volts, in 20% increments 
Silic on Voltage Standard tolerance is 20% 
(all common tolerances available on request) 
Immediate availability 


Regulators Sarkes Tarzian did it in 1957 for silicon rectifiers 


and has done it again in 1961 for silicon voltage 
{ regulators...devised production methods that 
NOW ad make it possible to offer quality silicon 
semiconductor devices at a price level that 
d permits their use not only in Sunday circuits 
WOT ay but also in workday circuits. 
6 At the new low prices, more circuits can be 
T1Ce S better protected or improved in performance by 
p the use of these small and inherently rugged 
devices as clippers, limiters, and regulators. 


Send for price and ordering information. 


Where highest quality 
is in volume production 


SARKES TARZIAN, INC. 


World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast 
Equipment « Air Trimmers « FM Radios « Magnetic Recording Tape « Semiconductor Devices 

SEMICONDUCTOR DIVISION « BLOOMINGTON, INDIANA 

in Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema, inc., New York 
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hammertone enamel. McKinstry Metal 
Works, Inc., 285 McKinstry Ave., Chic- 
opee, Mass. 

Circle 537 on Inquiry Card 


FLAT-ELEMENT HEATER 


Flexible heater is less than 0.008 in. 
thick, has insulation resistance over 
1000 megohms. Overall thickness of 
heater and band is 0.010 to 0.012 in. 
Can be made in specified shapes to 


provide heat concentration in particular 
areas. Power dissipation is to 15 watts 
per sq in. when heater is controlled to 
200 F or less. Sensor has temperature 
coefficient of 0.0056 ohms/ohm/deg C; 
resistance value to 200 ohms per sq in. 
Metallized outer covering reflects heat 
toward heat sink. Minco Products, Inc., 
740 Washington Ave No., Minneapo- 
lis, 1. 

Circle 538 on Inquiry Card 


SYNCHRONOUS MOTOR 


Motor operates on 24 volts at synchro- 
nous speed of 1800 rpm. Starting and 
synchronous torque is 0.70 oz-in. Op- 
erative over temperature range of 0 to 
+140 F; unit is corrosion-resistant. 
Lubricated ball bearings incorporated. 

(Continued on page 218) 
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time saving, personal 
ONE-SOURCE SERVICE 


Your Miller sales representative—like all Miller men— 
offers you one-source service on brass, bronze and nickel- 
silver strip, and copper and copper-alloy tube in special 
shapes and sizes. Your Miller man is more than just a 
shopping center though, he’s an expert on special metals 
and their application. He’s backed up by people at the 
Miller mills who never regard their job as completed 
until your metal is in your plant, on your machines and 
satisfactory in every way. For meticulously produced 
high-grade metal, expert technical help and dependable 
delivery call on the specialists at Miller... where you’re 
a name, not just a number on the job ticket. 


ROLLING MILL Tube Subsidiary 


DIVISION A. H. WELLS, INC. 


Meriden, Connecticut Waterbury, Connecticut 
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Measures 1%% in. diam, 2% in. long. 


Thomas A. Edison Industries, McGraw- 
Edison Co., West Orange, N. J. 
Circle 539 on Inquiry Card 


VARIABLE-SPEED DRIVE 
ELECTRONIC 
Series of infinitely variable mechanical 


ENGINEERING transmissions is for use in instrument 

GIVES PRECISE | and control applications that require 

| 

MOTOR SPEED | 
CONTROL 


1/100 —10 H. P. 


MODERN 





Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 


up to 4 hp. Overload protection pre- 


vents damage to drive and driven equip- 


provide a versatile means for 91 


obtaining the full possible ad- ment. Units measure 2 x 24 x 34 in. 
vantage of speed control in DC Adaptable to servomotor input. Graham 
motors while operated from the Transmissions Inc., Menomonee Falls, 
regular alternating current power | Wis. 

line. Grid controlled “Thyratron” Circle 540 on Inquiry Card 
tubes are utilized for power con- 


trolled stepless variation to sup- INDICATING LIMIT SWITCH 

eae ee cn Model ILS501 switch has built-in lamp 
cirevits provide constant torque which indicates actuation of switch 
capability over wide speed ranges | arm. Lamp insert makes contact with 
of as high as 60 to 1 in some either NO or NC contacts of switch 
models and a minimum of 20 element. Completely sealed, aluminum 
to 1 in others. housing protects switch element. Con- 


VIA DIV. of ELECTRO DEVICES, Inc 


4 Godwin Ave. Paterson, N. J. 
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GUDELACE.... 


the lacing tape with 
a NON-SKID tread 


You can’t see it, but it’s there! Gudelace is 
built to grip—Gudebrod fills flat braided 





duit connection is 4-14 NPT threaded 
opening. Electrical rating is 10 amp, 


nylon with just the right amount of wax to Y% hp at 120 volts a-c. Switch element 

produce a non-skid surface. Gudelace con- has two-circuit double-break contact 

struction means no slips—so no tight pulls to arrangement. Minneapolis-Honeywell 

cause strangulation and cold flow. Regulator Co., Micro Switch Div., Free- 
But Gudelace is soft and flat—stress is dis- port, Til. 


. : Circle 541 on Inquiry Card 
tributed evenly over the full width of the tape. oat or eee 


No worry about cut thru or harshness to CRYSTAL-CAN RELAYS 


injure insulation . . . or fingers. M200 Series relays, hermetically sealed, 


Specify Gudelace for real economy—faster DPDT, operate on 6, 12 and 26.5 volts 

lacing with fewer rejects. d-c. Contacts are rated for 2 amp, 26 

Fae volts d-c, or 115 volts, 400 cps. Operat- 

. / ene / ing temperature range is —65 to +125 

Write for free Data Book. = / C; withstand 50-g shock; vibration, 20 
It shows how Gudelace and / = / 


other Gudebrod lacing materials / s. / 
fit your requirements. 


GUDEBROD sros. siik Co., INC. 





ELECTRONICS DIVISION EXECUTIVE OFFICES 
225 West 34th Street 12 South 12th Street 
New York 1, New York Philadelphia 7, Pa. 
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FOR LONGER HEATER LIFE... 
GF Quality Electric Heating Elements! 


For high quality tubular heating elements, 
designed and built to exacting specifications, 
check the GF line. Available in steel, stainless, 
copper, inconel, incoloy ...in diameters as 
specified up to and including .750” ... with 
wide variety of flanges and heads designed 
to ASA Standards or customer specification. 
Many types of integral thermostatic controls 
offered. 

GF designs and manufactures superior heating 
elements and devices. If not satisfied with 
present heater life, contact GF now! Recom- 
mendations and preliminary engineering serv- 
ice without obligation. 


EAST GREENWICH © RHODE ISLANO 
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see an ACCOUNTANT | 
TERMINAL -BUT...if you need a (7 


BRUSH HOLDER (<2. 


Your SPECIALIST is 


METAL 


@ Offers Complete Line of 
Brush Holders and Caps 


@ For All Types of Motors 
and Generators 


@ A Competent Engineering 


METAL IDENTIFICATION TAGS OF : ee eee ener 
EVERY DESCRIPTION FOR MARKING CABLES, rush Holder Requirements 
LEADS, AND GROUPING WIRES... rt yim @ 25 Years of Experience 


TERMINAL TAGS are rapidly replacing obsolete string and paper identi- 
fication methods—they mark the end of identification problems! Made $ ag 58 
of slemoam, seal, rass, or zinc, in 2 veriety of styles and sizes. ia Write for complete information 
are easy to apply, and are used in the manufacture = 
of aircraft, radios, telephones, motors, generators, etc., and can be contained in our new easy to use 
stamped or embossed with special marking to customer specifications. Phoenix Catalog, No. 61-6ET. 
FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. PHOENIX ELECTRIC MANUFACTURING CO. 


P.0. Box 9-254, NEWPORT, KY. PHONE COlonial 1-2035 3625 N. HALSTED ST. © CHICAGO 13, ILL. 
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L931... Bret of 


AGASTAT* 


reliability 
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96] ... traditional quality 


in the new solid state AGASTAT 


The AGASTAT time/delay/relay principle dates back to 1931, when the 
first night airmail flight from New York to Chicago was preparing for take-off. 
When runway lights failed due to old-style time delay relays, necessity fos- 
tered a new design. Thus, through a need for reliability, the electro-pneumatic 
AGASTAT was born—first in a distinguished series of time/delay/relays. 
Solid state AGASTATs meet today’s needs for reliability. Countless hours 
of engineering, research and development have produced a static timing 
relay with the reliability essential for critical missile and computer use. 
Modular construction using selected semiconductor components permits 
flexibility and uniformity. Rigid quality control and component matching 
assure dependability. 

Solid state AGASTAT time/delay/relays are supplied in six basic types for 
delay on pull-in or drop-out, with fixed or adjustable timing ranges from 
0.01 sec. to 10 hours. Special circuitry protects against polarity reversal, pro- 
vides immunity to voltage variations and transients. Operation—18-32 vdc; 
-55¢ to 125c; load capacity up to 5 amps. Write Dept. 52-66 for technical data 
or immediate engineering assistance on your special requirements. 


TIMING INSTRUMENTS 
Gu) ELASTIC STOP NUT CORPORATION OF AMERICA 
ELIZABETH DIVISION « ELIZABETH, NEW JERSEY 


IN CANADA: ESNA CANADA, LTD., 12 GOWER ST., TORONTO 16, ONTARIO, CANADA 
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| g to 3000 cps. Weight 0.6 oz. Leach 


Corp., Controls Div., Azusa, Calif. 
Circle 542 on Inquiry Card 


ILLUMINATED SWITCH 


Panel-mounted switches provide mo- 
mentary action or magnetic holding, 
will light to indicate activation. Units 





L/ 


are DPDT or 4PDT, will accept 
MS25237 bulbs. Switch rating is 5 amp 
at 250 volts a-c or 125 volts d-c. With- 
stands vibration to 10 g at 500 cps, 
temperature to 71 C. Life is 100,000 
operations min. Master Specialties Co., 
956 E. 108 St., Los Angeles 59. 
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INTEGRALLY DAMPED 
PRINTED-CIRCUIT BOARDS 


Printed-circuit board incorporates elas- 
tomeric layer bonded between layers 
of epoxy-glass-fiber laminate. Material 


e 
° 





TRANSMISSIBILITY 
Ratio of undamped to damped board 


FREQUENCY in CPS 
exhibits damping properties over tem- 
perature range of —65 to +250 F. 
Outer material is NEMA Grade G-11 
laminate, 0.032-in. thick on both sides 
of 0.020-in. thick elastomer. Laminate 
is clad with 2-0z copper. Lord Mfg. 
Co., Erie, Pa. 
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CRYSTAL OVEN 


Mercury thermal-switch Model 
RD-135, permits high stability of crys- 
tals at frequencies lower than 1 me. 
Temperature control is +0.025 C from 
0 to 60 C. Stabilization time is 30 min 


oven, 
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Either way... you'll like it at only $35.95 list. The Model “Y” Dial Indicating Thermometer. Available 
a) in four temperature ranges. From minus 40° to 140° F; 0° to 160° F; 30° to 240° F; or 200° to a 450° F. 
7 S __ This vapor pressure actuated thermometer is very versatile. Use it anywhere! Mounting problems? 
—— Not a one! It has a universal mounting bracket. Tilt it 60° forward. Or 90° to either side. Any way 
you look at it. . . you'll get an easy-to-read eye-full. Its dial is large... with raised graduations to reduce parallax 
reading error. Each is individually calibrated for maximum accuracy. Its six foot capillary is flexible for remote 
reading. The chromium-plated, hard drawn brass case is weatherproof. The inner movement is protected for 
life against moisture and dust. For further information about the precision Model “Y” and the complete line of 


Autolite instruments and accessories THE ELECTRIC AUTOLITE 60 INSTRUMENT 
just drop us a line. Write today to... @ HURON, mick. 


‘oN 
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OUTPUT 


INPUT 


In modern digital computers 


PERFORMANCE IS THE PAY-OFF 


A big, modern digital computer may cost as much as $10-million to buy outright. 
Even rental may run as high as $50,000 a month. 

With money like that involved, computer-makers can’t take a chance on sub- 
standard components. They want, and get, the best components.... the best re- 
sistors. Where wire-wound power resistors are required, they frequently specify 
Ward Leonard VITROHMS. 

There’s another reason, too, why computer manufacturers want only the best: 
They’re shooting for 99.99 ...% statistical reliability of components, and the more 
“9’s” the better. Computer components — say, resistors — are numbered in the 
tens of thousands, and they have to have this kind of performance to get 99.8% 
reliability in their final product. For this reason, computer makers insist on, and 
get, performance—as continuous and reliable as the state of the art permits. And 
again, where wire-wounds are required, they are likely to specify Ward Leonard 
VITROHMS. 

If you want maximum quality and maximum reliability in your product, fol- 
low the lead of outstanding digital computer manufacturers—like IBM, Remington 
Rand, and Burroughs—and specify W/L VITROHMS. You'll find full information 
in catalog D130. Write for your copy, and the name of your nearest VITROHM 
distributor, today. Ward Leonard Electric Co., 34 South Street, Mount Vernon, 
New York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) °.6 


r RESULT-ENGINEERED CONTROLS SINCE 1892 


WARD LEONARD 
ELECTRIC CO. 


RESISTORS ¢ RHEOSTATS « RELAYS ¢ CONTROLS « DIMMERS 
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at 25 C, power consumption 0.5 watt. 
Unit meets MIL-T-945A for vibration 
and shock; measures 134 in. diam x 
56 in. long. Manson Laboratories, Inc., 
Box 594, Stamford, Conn. 
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MINIATURE INCANDESCENT 
LAMPS 


Type 13-7 lamp operates on 1.35 volts, 
6.74 ma. Life expectancy is 1000 hr, 
pulse response to 14 brightness is 4 


= a cma ; ‘= 


1 


ie 1004 
LAMP RESPONSE | ae 
TO APPLIED SQUARE WAVE VOLTAGE 


—-| [5 Milliseconds 


millisec. Measures 1/16 in. long x 1/64 
in. diam. Type 30-30 operates on 3 
volts, 30 ma. Light output is 250 milli- 
lumens. Rated life is 9000 hr. Kay 
Electric Co., 14 Maple 
Brook, N. J. 


Ave., Pine 


Circle 546 on Inquiry Ca:d 
COILED CORDS 


Line of retractile coiled cords is avail- 
able alone or with strain reliefs, plugs. 
connectors and molded-on components. 





Offered in choice of colors and styles. 
Custom-engineered or stock comp»- 
nents comply with UL, CSA. Bureau «f 
Ships and Signal Corps standards. M |- 
ler Electric Co., 120 Main St., Paw- 
tucket, R. I. 
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D-C AMPLIFIER 


Solid-state, direct-coupled differential- 
input amplifier weighs 6 oz; heade: 
arrangement is plug-in, coaxial, or with 
solder pins. Input drift is less than 
+100 mv. Gain variation is +1 pe 

(Continued on page 226) 
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need better 


PUNCHINGS< 


West Virginia produces two high-quality pressboards 
especially suited for punchings: 


ELECTRITE: A hard board for all kinds of punchings; 
punches clean and smooth. Electrite is natural rosin 
sized to resist moisture, with high tensile strength. 


DENSITE: An extremely hard board, sized for moisture 
resistance or unsized for applications in oil. 


Electrite and Densite are superior because they are 
made from 100% virgin kraft pulp from our own mill. 
Complete product control from forest to you assures 


consistent uniformity and absolute purity, with no 
metallic particles. 


See How Our Pressboard Can Heip You: 


Write for complete technical data, and Underwriters’ 
Laboratories Report #E3987. Board Products Sales, 
West Virginia Pulp and Paper Co., Covington, Virginia. 


West Virginia 
Pulp and Paper 
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DIRECT eg COMPLETELY 


NUE Rae C SDL dad 


GAUSSMETER 


®@ Reads steady D.C. 

fields (facilities for A.C.) 

1 gauss (20 milligauss 
sensitivity) to 30,000 gauss, 
full scale, in 10 ranges. 


@ Response — D.C. to 1000 cycles A.C. 


® Built-in probe calibration 
speeds probe interchangeability 


Highly sensitive instrument based on Hall effect. Indicates 
direction and magnitude of magnetic flux directly on new 
ZERO CENTER METER. Indispensable in many indus- 
trial and research uses. (Greater sensitivity available in 
Bell Model 120 gaussmeter — 100 milligauss, full scale, 
to 30,000 gauss.) Write for full specifications. 


1356 NORTON AVE. @ COLUMBUS 12, OHIO @ AX 4-4906 | 
When you think of magnetic field measurement, think of Bell 
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AUTOMATION and QUALITY CONTROL 
insures the best in 


DANO COIL ENCAPSULATION 


Also send us your specifications for quotation on: 


BOBBIN COILS @ PAPER INTERLEAVE COILS 
COTTON INTERWEAVE COILS © FORM WOUND COILS 
COILS FOR HIGH TEMPERATURE APPLICATIONS 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, Conn. 
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IN CLASS F POLYESTER MAGNET WIRE 


SPECIFY ANATHERM-D 


Anaconda has made important improvements in the 
heat shock resistance, windability, and solvent resist- 
ance of ordinary polyester magnet wire. The result is 
Anatherm-D, a Class F magnet wire with high thermal 
stability (155C) = High abrasion resistance # Excellent 
flexibility » High dielectric strength » Superior heat 
shock resistance # Unexcelled windability = 


IDEAL FOR ARMATURES AND FIELD WIND- 
INGS. These improvements over standard polyester 


224 


FOR IMPROVED HEAT SHOCK 


wires make Anatherm-D an outstanding choice for 
motor armatures and field windings, random- and pre- 
cision-wound coils, specialty windings requiring high 
temperature resistance, and encapsulated coils. 

2-FILM CONSTRUCTION MAKES THE DIFFER- 
ENCE. The improved performance of Anatherm-D re- 
sults from its two-film construction: an overcoat of 
special terephthalate polyester applied over a base film 
of Anatherm (the industry’s first Class F film-coated 
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RESISTANCE, VARNISHABILITY AND UNEXCELLED WINDABILITY 


magnet wire). The outer film contributes outstanding 
windability and protection against heat shock and me- 
chanical stress. 


CONFORMS TO NEMA AND MIL SPECS. Ana- 
therm-D magnet wire meets all requirements of Spec 
MIL-W-583B for Class 155 Types L, L2, L3, and L4. 
It’s available in all sizes of round, square and rectangu- 
lar, with single, heavy, triple and quadruple film addi- 
tions, all conforming with NEMA specifications. Ana- 
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therm-D is available in all standard Anaconda pack- 
ages: spools, pails, reels and drums, For prices, technical 
data and application information contact Anaconda 
Wire & Cable Company, 25 Broadway, New York 4, 
New York, Department EFL-2-ET. 61273 


ASK THE MAN FROM 


ANACONDA 


FOR ANATHERM-D CLASS F POLYESTER MAGNET WIRE 
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for rugged reliability 


in power rheostats 


insist on Mallory 





We’ve got a full line of standard units—from 
25 to 500 watts. Built for shock and vibration 
resistance. Unique, hinged contact arm is 
spring-loaded to maintain correct contact 
pressure ... no contact loss from vibration, 
shock or overload heat. Conservative ratings, 
cool operation. And we’ll design specials, too— 
any taper, mounting arrangement, multiples. 
Also a complete line of vitreous enamel wire- 
wound resistors — fixed, adjustable, tapped. 
Mallory Controls Company, Frankfort, Indiana. 





PR. MALLORY @CO. Inc. 


ALLOR 





wire-wound vitreous carbon rotary plugs 
controls resistors controls switches & jacks 
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cent of 5 ke, 3 db at 30 ke. Input capa- 
bility is 5-mv differential at max gain, 
output is +5 volts. Microdot Inc., 220 
Pasadena Ave., So. Pasadena, Calif. 

Circle 548 on Inquiry Card 


MOTOR-GENERATOR 


Revolving-field generator produces al- 
ternating current adjustable from 400 
to 500 cps. Control allows voltage regu- 
lation of +1 per cent within frequency 





range. Generator is rated at 2.5 kva at 
0.8 power factor, 110 to 140 volts, 2 
phase, with direct-connected exciter. 
Motor is 5 hp, 3 phase, 220 volts. Kato 
Engineering Co., Mankato, Minn. 

Circle 549 on Inquiry Card 


POWER RHEOSTAT 


Push-pull enclosed, dustproof rheostat 
is adaptable to linkages for manual or 
automatic operation. Metal housing im- 
proves heat dissipation and distribution. 





Can be used at full wattage rating with 
25 per cent of windings in use. With 
standard or tapered windings, center 
tap, in 100-, 200- and 300-watt sizes. 
Milwaukee Resistor Co., 700 W. Vir- 
ginia St., Milwaukee 4, Wis. 
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FHP GEAR-MOTOR ASSEMBLY 


Series of individual gear motors is as- 
sembled and fastened to stamped-steel 
mounting plate which serves as cover 
for gear housing of each motor. Avail- 
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No matter what the job... 
TAU COA 


Assure Reliable, 


versatile, Trouble-Free ‘Service 


long-life | 
pilot light available... 


add /ight to the life of your product! 


> LONG LIFE—usually outlasts the equipment on which 

_ itis used. Vibration: proof, shock proof—gives thou- 
sands of peak operating hours. STYLING—every re- 
quirement covered with wide variety of lens colors 
and shapes, lens imprints, ring finishes, etc.; adds 
beauty to any product. SIMPLIFIES PRODUCTION— 
only %-inch hole needed—mounts with push-on 
speed nut or snap-fits into your panel...and SERV- 
1CE—units made to your requirements, delivered to 
meet your production schedules... quantities from 
1 to 1,000,000. 


FREE: omni-GLow catalog, with detailed in- 
formation and specifications, and a sample OMNI- 
GLOW. Write to us directly, or use the reader 
service card. 


Series 131-2C-X5 

(24V, 60C) auxiliary con- 

tacts (SPDT) rated 5 amps 

at 110 volts. Two such 

relays are used in the RAY-DOR 

push button and radio controlled electric door operators. 


WP 
D 


Industrial Devices, Inc. 


EDGEWATER 11, NEW JERSEY 
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Control box of Model CE 
commercial industrial door 
operator with Wheelock Se- 
ries 130 relays equipped 
with auxiliary contacts. 


where lack of space 


Control panel assembly indi- 
is the problem 


cates ease of mounting and 
quick connect terminals. 


Try this for size 


Wheelock’s General Purpose Industrial Relays 
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For guided missiles, 
airborne equipment, 
portable and mobile 
ground equipment 


Miniature Ceramic 
Switch ...Series M 


Single pole style has 18 shorting type contact positions. 
2 or 3 pole types may also be obtained, Additional 
decks may be added. Flash-over voltage at 60 cycles 
is 1000 volts peak . .. current carrying capacity 
is 2 amperes. 

* Coin silver contacts, rotors, slip rings 

* Silicone impregnated ceramic parts 

* Sturdy solder terminals 


Cdn Crdons for further information 
« DAVEN 


Livingston, New Jersey 
WORLD'S LARGEST MANUFACTURER OF ATTENUATORS 
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(Series 130-140) offer a choice of terminal connec- 
tions, including quick-connect terminals. They pass 20 
million mechanical operations without failure. They 
meet UL requirements. 20 ampere contacts, AC or DC 
voltage. Choice of mounting bases or plug-in base 
with or without DPDT auxiliary contacts. Space re- 
quirements are reduced to a minimum. 
Ray-Dor Manufacturing Company, a Division of Cleve- 
land-Detroit Corporation, uses Wheelock General Pur- 
pose Relays exclusively for its garage door operators. 
Here’s why: 

e Auxiliary contacts. 

e Terminal connections make wiring easy. 

e@ Quality and reliability are outstanding. 

e The price is right. 
Write for Bulletin 130 “General Purpose Relay”. In- 
quiries concerning your relay problems will receive 
immediate attention. 


Telephone: CApital 2-6880 TWX LG-BR 684-U 


LONG BRANCH, N 


wy, 
“Wheelock SIGNALS 
wee 
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temperatures, 


Se RAUL YE 


is meant for you! 





Contains detailed technical 
data on the entire family of 


Chromel-Alumel 


THERMOCOUPLE ALLOYS 


“How to make better use of Chromel-Alumel thermocouples” 


That’s the subject covered in detail by this new basic guide to more 
accurate temperature measurement. It gives complete information on 
the entire family of Chromel-Alumel thermocouple alloys—special pur- 
pose grades as well as Standard Guaranteed Millivoltage materials. It 
clearly states Hoskins Accuracy Guarantees—lists temperature-milli- 
volt equivalents for Chromel vs Alumel—explains inspection and cali- 
bration procedures. What’s more, it also contains much useful technical 
data on testing, fabricating and protecting thermocouples—covers special 
applications involving reducing and corrosive environments, high tem- 
perature oxidizing atmospheres, precision laboratory work, jet engines, 
nuclear reactors and cryogenic temperatures. So 
if you’re concerned with accuracy, reliability, 
economy in measuring temperatures ranging 
from —300° to +2300°F., this manual is a must 
for you! Write for your free copy today. 


mu *The names “‘Chromel”’ and “Alumel” are registered trademarks of 
Ge HOSKINS MANUFACTURING CoO. 
4445 Lawton Avenue « Detroit 8, Michigan 
in Caneda: Hoskins Alloys of Canada, Ltd., Toronto, Ontario 





Producers of { | Custom-Quality Resistance, Resistor and Thermo-electric Alloys Since 1908 
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able with any combination of output 
speeds and torques to meet specific re- 
quirements. Four fhp motors can be 
provided completely assembled and 
mounted on steel plate. Molon Motor 
and Coil Corp., 3737 Industrial Ave., 
Rolling Meadows, II. 
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INDUCTORS 


Line of inductors covers range from 
0.1 mh to 0.18 h, features excellent 
shielding characteristics. Coupling is 





side-by-side. Unit, sealed in epoxy re- 
sin for environmental protection, 
measures only 0.157 in. diam., 0.375 in. 
long, meets MIL-C-15305B. Nytronics, 


| Inc., 550 Springfield Ave., Berkeley 
| Hts., N. J. 
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PROTOTYPE CHASSIS 


“Allmount” chassis of heavy-gage alu- 
minum alloy is collapsible for storage 
and comes with adaptor plates which 





convert octal socket mountings to 7- to 
9-pin miniature sockets. For bread- 


| boarding and demonstration purposes. 


Wittek Products Co., 14750 Keswick 
St., Van Nuys, Calif. 
Circle 553 on Inquiry Card 


PRESSURE TRANSDUCER 


Model TP-200 transducer measures ab- 
solute, gage or differential pressures 
of gases or liquids in 0 to 5 and 0 to 
500 psi range. Unit measures altitude, 
airspeed, pressure ratio and Mach 
number. Weight is 5 oz, withstands 
shock of 75 g. Acceleration error is 
less than +2.5 per cent in 0 to 10 psi 
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BEARING DESIGN OF 
EMERSON ELECTRIC MOTORS 


Is Self-Oiling, Self-Aligning to assure 
Free Starting and Smooth Operation 


at all timesS-The bronze bearing in Emerson 
Electric Motors has thousands of tiny cells that cause the 
bearing to act as a metal sponge and feed the shaft journal 
a controlled flow of lubricant. In cooling, it draws off excess 
oil to give free starting at low temperatures. Self-Alignment 
minimizes friction and greatly increases motor life when 
you install Emerson Electric Motors in your appliances 
and equipment. Emerson Electric Motors are custom- 
engineered to meet your specific needs. Call us today... 
you'll like our Way of doing business! 


EMERSON ELECTRIC of St.Louis + Since 1890 


OEPT. M-33, S100 FLORISOSANT STtlouis 36, MO. *® CO 14+1800 


JUNE 1961 Circle 234 on Inquiry Card 229 








Taylor glass-base laminates | 


pop right out as design 
materials in many applications 





There are good reasons for investi- 
gating Taylor glass-base laminated 
plastics as high-strength-to-weight 
materials in your design. They offer 
light weight, corrosion resistance, 
electrical and thermal insulation, 
and ease of fabrication. 

For example, glass-fabric-base 
laminates have the highest mechan- 
ical strength of all laminated plastic 
materials. They have been success- 
fully used in the fabrication of criti- 
cal parts, including aircraft parts and 
bases for printed circuits. They are 
most valuable where extremely low 
moisture absorption, increased heat 
resistance and superior electrical 
properties are required. 

Taylor Fibre produces a number 
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| 








of different glass-base grades in 
sheet, rod and tubular form, and 
copper-clad. Those with phenolic 
resin are recommended for mechan- 
ical and electrical applications re- 
quiring heat resistance. Those with 
melamine are characterized by their 
excellent resistance to arcing and 
tracking in electrical applications. 
They also have good resistance to 
flame, heat and moderate concentra- 
tions of alkalis and most solvents. 
Those with silicone exhibit very high 
heat resistance, combined with good 
mechanical and electrical properties. 
They also have highest arc resist- 
ance. Those with epoxy offer ex- 
tremely high mechanical strength, 
excellent chemical resistance, low 
moisture absorption, and high 
strength retention at elevated tem- 
peratures. 

Technical data about these and 
other Taylor laminated plastics are 
available. Ask for your copy of the 
Taylor Laminated Plastics Selection 
Guide. Taylor Fibre Co., Norris- 
town 37, Pa. 


| 
| 





LAMINATED PLASTICS é 


VULCANIZED FIBRE 
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range, less than +1.5 per cent at 50 g 
in 0 to 100 psi range. Fairchild Con- 
trols Corp., 225 Park Ave., Hicksville, 
N.Y. 

Circle 554 on Inquiry Card 
MAGNETIC REED SWITCH 


Model MR-400 switch, hermetically 
sealed, makes possible use of relays 
cross-points on printed-circuit 


boards on 0.1] in. grid. Switch is 2%4 
in. long, rated for 3 million operations. 
Contacts are goldplated for low resist- 


ance; leads are suitable for welding or 


soldering. Gordos Corp., 250 Glenwood 
Ave.. Bloomfield, N. J. 
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SPRING-LOADED PANEL 
LATCH 
Latch is suitable for use with removable 


panels and access doors. Requires no 
riveting, screws, spot welding or special 


| tools. Spring tension eliminates noise 





transmission and vibration. Cadmium 
plated. accommodates thicknesses to 14 
in. Monadnock Mills, San Leandro, 
Calif. 
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TRANSISTOR HEAT SINKS 


Heat sinks utilize beryllium oxide for 
insulation, allowing higher 
power dissipation without exceeding 
temperature limits. Units match tran- 
sistor outlines TO3, 5, 8, 9, 11, 12, 16, 
18. 33, 38, and 39. Standard thickness 
is 46 in. Dielectric loss is less than 
0.0008 over frequency range at which 
semiconductors are applied. Resistant 


to moisture. shock and vibration. Na- 
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GAMBLE ...Wwith your 


TEST THE BEST—FREE! Send for the free Shakeproof Live 
Action Sample Kit. Includes a wide selection of lock washers and 
the informative “This Washer Locks Where Others Fail" booklet. 


Look for this symbol when you buy or specify to 
be sure you are getting Genuine Shakeproof Live 
Action Lock Washers! 


product’s reputation 


INSIST ON GENUINE SHAKEPROOF 
LIVE ACTION LOCK WASHERS! 


Customer loyalty is not a matter of /uck/ It's based on your product's 
reputation for top quality, trouble-free performance! A good reputation 
depends on the quality of each component used in manufacture and 
assembly. Fasteners—lock washers in particular—carry a big part of this 
responsibility. Washers that don't measure up to the rest of your product 


can cause real trouble .. . can actually result in brand switching by your 
customers. 


Don't Gamble! Don't settle for a lock washer that’s “good enough.” 
Look alikes don’t act alike! Genuine Shakeproof Live Action Lock 
Washers bite on both sides . . . the only lock washers that lock right— 
stay tight—where others fail. 


rg SHAKEPROOF 


‘FASTENING HEADQUARTERS” 


DIVISION OF ILLINOIS TOOL WORKS 
St. Charles Road, Elgin, lilinois 
Ww in Canada: SHAKEPROOF/FASTEX, Division of Canada Illinois Tools Ltd 


67 Scarsdale Road, Don Mills, Ontario 
Copyright Shakeproof, Division of Illinois Tool Works, 1961 
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EVERYTHING with me. 


GUARDIAN, SWITCHES 









@ Realistic photographic reproductions portray a wide variety 


of Guardian switches including leaf, snap-action, cam, roller, coin, 
bifurcated, push button, special switch assemblies, among others. 
These basic designs suggest 
thousands of combinations 
available as standard or 
custom-built switches to 

meet your exact needs. 


We invite you to write for your 
copy of this new Guardian 
16-page Switch Catalog 
just off the press. 


Complete dimensional drawings 
of all switch components 





Write on your company letterhead for catalog ‘‘E’”’ 


GUARDIAN 9 ELECTRIC 


MANUFACTURING COMPANY 


15S2-G W. CARROLL AVENUE, CHICAGO 7, ILLINOIS 
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tional Beryllia Corp., First & Haskell 
Ave., Haskell, N. J. 
Circle 557 on Inquiry Card 


THERMOELECTRIC MODULE 


Thermoelectric junction TA-20 removes 
heat and provides temperature control 
in electronic equipment. Pumps 20 


watts, typically attains temperature dif- 
ferential of 80 C between hot and 
cold plates. Module size is 144 x 14% 
x 1% in. Can be applied for spot cool- 
ing of heat-generating components. 
Ohio Semiconductors, 1205 Chesapeake 
Ave., Columbus 12, Ohio. 
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COAXIAL LATCHING RELAY 


Pulse-operated relay uses low power, 
can be operated from 100 yf capacitor 
pulse. Standing-wave ratio is low, as- 
suring efficient transfer of high-fre- 
quency energy. Unit measures 2144 x 





114% x 0.86 in. Meets all applicable 
military specifications for vibration, 
moisture and salt-spray resistance. Con- 
tacts are gold plated. Omega Precision, 
Inc., 757 No. Coney Ave., Azusa, Calif. 

Circle 559 on Inquiry Card 


SHIELDED R-F INDUCTORS 


Slug-tuned inductors, Series 1500, cover 
inductance range from 100 ph to 7.5 
mh in 9 steps. Assembly consists of 
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hoover 
TELL AT 


--e- RACEWAYS HONED 
SMOOTHER 
THAN PLATE GLASS 


U ‘ 


It’s easier to strike a match on plate glass than on the 
smooth surface of a Hoover bearing raceway. A special 
process, developed and used only by Hoover, hones 
raceways until they are ultra smooth, superbly finished. 
With both inner and outer raceways Hoover Honed to 
microscopic perfection, Hoover ball bearings have a 
distinctive quality advantage. 


Equally important as the Hoover Honed raceways 






are carefully matched sets of Micro-Velvet balls which 
are accurate within millionths of an inch. These pre- 
cision components work together in hushed quietness, 
an excellent indication of bearing quality and a charac- 
teristic of all Hoover bearings. 


Outstanding quality—Hoover Quality—pays off in 
longer life, greater load capacity and superior bearing 


performance in a wide range of applications. 
Hoover Honed and Micro-Velvet are Hoover Trademarks 


[O@Ower 


BALL AND BEARING COMPANY 
5400 South State Road, Ann Arbor, Michigan 
Zone Sales | 8581 South Chicago Ave., Chicago 17, Illinois 


Offices and | 
Warehouses 


290 Lodi Street, Hackensack, New Jersey 
2020 South Figueroa, Los Angeles 7, California 


hoower CONTROLS hoover quality FROM START TO FINISH 


Micro-Velvet balls are prod- 
ucts of Hoover Ball Division 
plants in Middletown, Ohio, 
and Erwin, Tennessee. 


Hoover’s Cuyahoga Steel and 
Wire Division produces qual- 
ity chrome oes steel wire 
from which balls are made. 


Non-destructive electronic 
testing devices check bearing 
parts for tolerance, hardness 
and hidden flaws. 


Hoover bearings in a wide 
range of types and sizes 
always measure up to high 
Hoover Quality standards. 
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NORMAL 
| NORMAL POWER 
POWER ) SUPPLY 
FEEDER 


POWER FLOW 


The rating of the AC generator for 
this Kearfott system is 40 KW, 3 
phase, 60 cycle, 460 volts. 


CONTINUOUS 
UNVARYING POWER 

FOR VITAL INSTRUMENTATION 
IN CHEMICAL PROCESSING 


A TYPICAL APPLICATION OF KEARFOTT 
UNINTERRUPTED POWER SYSTEMS 


In chemical processes where even a split-second interruption of 
computers and related instruments can cause heavy losses, pro- 
tection against power failure pays high dividends on a relatively 
modest investment. Take, for example, the Kearfott system pic- 
tured here, which assures surge-free entrance of emergency power 
in zero time in case the normal input varies or fails. 


in normal operation, the DC motor runs continuously on power 
from the static supply, which also keeps the batteries fully 
charged at all times. The AC generator operates in. parallel with 
the main power and furnishes about 90% of the vital load 
requirement. 


if the main power fails, the DC motor continues to run, drawing 
its current from the batteries. Simultaneously, the AC generator 
assumes 100% of the vital load. When main power is restored, 
the system automatically reverts to normal operation. 


Kearfott systems are available with generator ratings to 150 KVA 
60 and 400 cycles, single and polyphase, and provide frequency, 
voltage and transfer regulation as required by the application. 


KEARFOTT DIVISION 


GENERAL PRECISION. INC. 


Little Falls, New Jersey 
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powdered-iron cups and core mounted 
in plated-brass case. Windings are 
sealed with epoxy. Lock-nut device 
locks slug in place. Housing is 5% in. 
OD. Units are suitable for use in tele- 
metering, radar and communications 
equipment. North Hills Electronics. 
Inc., Glen Cove, N. Y. 

Circle 560 on Inquiry Card 


SELF-CLINCHING FASTENER 


Type LAS, with cadmium or cadmium- 
chromate-finished steel retainer and nut 
of 18-8 stainless steel, and Type LAC 
nut, of stainless steel throughout, pro- 
vide an anchor in sheet metal, com- 





pensating for up to 4e-in. errors in 
alignment of mating holes. Sizes, No. 
4 to 44 in. Suitable for sheet thick- 
nesses from 0.040 in. and up and ma- 
terials with Rockwell hardness of 
B-70 or less. Threads are Class 3B. 
Meets MIL-N-25, 027. Penn Engineer- 
ing & Manufacturing Corp., Doylestown, 
Pa. 


Circle 561 on Inquiry Card 
CABLE CLAMPS 


Adjustable cable clamps and cable ties 
provide flexibility from 65 to +225 
F, are unaffected by moisture and are 
extremely durable. Will not become 





4 we ; 
“«. QUICK-RELEASE TAB 


brittle due to low-temperature expo 


sure. Quick-release tab holds band of 
clamp or ties securely around wires. 
allows adjustment to accommodate 
wire harnesses from 14 to 2 in. diam 
Panduit Corp.. 17301 Ridgeland Ave., 
Tinley Park, II. 

Circle 562 on Inquiry Card 


HIGH-VALUE RESISTORS 


HR 1000 resistors are “46 in. diam x 
1 in. long. Maximum voltage, 1000 


) 


<_ 
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For your copy of the Motorola brochure, entitled 
“How to Get More Value out of a Data Sheet,” 
outlining the many design advantages of Motorola 
power transistor data sheets, contact your Motor- 
ola district office, Motorola distributor or write: 
Motorola Semiconductor Products Inc., Technical 
Information Department, 5005 East McDowell Road, 
Phoenix 10, Arizona. 


MOTOROLA DISTRICT OFFICES: 

Belmont, Mass. / Burlingame, Calif. / Chicago / Clifton, N. J. / Dallas 
Dayton 7 Detroit / Glenside, Pa. / Hollywood Minneapolis / Orlando, Fla. 
Silver Spring, Md. / Syracuse / Toronto, Canada. 


MOTOROLA... 


for example, Motorola defines... 
SAFE OPERATING AREAS 


A power transistor’s maximum collector voltage and cur- 
rent are related by allowable d.c. power, transient 
conditions and destructive voltage breakdown. The safe 
operating area curves included on Motorola power tran- 
sistor specification sheets help take the guess work out of 
applications by showing the “maximum reliable” area of 
operation where you know destructive breakdown will not 
occur. They also define the region to be entered on a ran- 
dom surge basis only. The small detail drawing illustrates 
an additional area that can be safely used with “L” shaped 
load lines. 


Safe operating area curves are only one example of the 
detailed specifications you receive on Motorola power 
transistors. Motorola specs are more complete . . . contain- 
ing the valuable data necessary for you to design to utmost 
circuit reliability. 


Motorola is your most a power transistor source. Whatever your 
power transistor requirements lt find a standard Motorola unit ca ~ 
of =. to you circuit etficiency. Over 100 types, TO-3 and 
packages. 3 10, 15 and 25 amps. Up to 120 volts. For fast Sees 
contact your Motorola Semiconductor distributor. 


ee 


| [MOTOROLA 


‘ Semiconductor Products inc. 


: 


j A SUBSIDIARY OF MOTOROLA, INC. 
8 IRE — ms 


5005 EAST McOOWELL ROAD *« PHOENIX 10, ARIZONA 
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METAL GRAPHITE CONTACTS 


AND RADIO INTERFERENCE 


NOISE LEVELS... 


Since shielding and filters to reduce radio 
noise caused by sliding contacts are often cum- 
bersome and always costly, it is essential that 
contact materials be used which, in themselves, 
create the least radio noise interference. 


Stackpole Laboratory tests backed by exten- 
sive field experience indicate that Stackpole 
silver graphite operating against silver rings 
give satisfactory results on most sliding con- 
tact applications calling for low radio noise 
levels. Good radio interference reduction re- 
sults are likewise obtained with Stackpole elec- 
trographite grade L31 contacts operating 
against electrographitic rings, as well as against 
silver and gold rings. 

In addition to reducing radio noise inter- 
ference, sliding contacts must also be able to 
operate at high altitudes under high pressure 
conditions in dry, inert atmospheres, with ex- 
cess moisture, and with oil vapor. All of these 
ambients have come within Stackpole experi- 
ence with the resulting development of mate- 
rials which work well under such conditions. 


Give us the contact radio noise reduction 
problem and the chances are excellent that 
Stackpole can recommend materials or testing 
procedures to solve it. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


BRUSHES »* CONTACTS 
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VOLTAGE REGULATOR DISCS 
CATHODIC PROTECTION ANODES « SEAL RINGS * CLUTCH 
RINGS + FRICTION SEGMENTS 


POROUS CARBON and dozens of related products, 


custom-engineered 


CONTACTS/BRUSHES 





volts. Standard resistance range, 10° 
to 10'* ohms. Standard tolerance: 107 
to 10'* ohms, 1 per cent; 10’ to 101° 
ohms, 2 to 5 per cent; 107 to 10'* ohms, 
10 per cent. Stability, 2 per cent per 
year at room temperature. Pyrofilm Re- 
sistor Co., Inc., U.S. Highway 46, Par- 
sippany, N. J. 

Circle 563 on Inquiry Card 


FOUR-POLE POWER RELAY 


Series PM relays have overall dimen- 
sions of 3% in. long x 24% in. wide 
x 21% in. high. Contacts are 4PDT, rated 





16 amp at 115 volts a-c, 8 amp at 220 
volts a-c, 1 hp per movable arm. Stand- 
ard;coil operating voltages, 6 to 230 
volts a-c, 50 to 60 cps. Meets UL spac- 
ing creepage requirements to 300 volts 
for motor controllers of 1 hp or less. 
Potter & Brumfield, Princeton, Ind. 


Circle 564 on Inquiry Card 
OPERATION MONITOR 


Series 18 monitors translate amplitude 
and frequencies of signals obtained by 
pickup devices attached to machines 
or processes, into NORMAL and OFF- 
NORMAL indications. Internal logic ele- 





ments convert selected combinations of 
these limit signals into NORMAL, ALERT 
and ALARM relay actions. Signal levels 
and frequencies are presented on panel 
meters which may be calibrated in ap- 
propriate units. Frequency range of 2 
cps to 10 ke and response to microvolt 
input signals permit many types of 
transducer signals to be used. RayData 
Corp., Columbus, Ohio. 


Circle 565 on Inquiry Card 


TOGGLE SWITCH 


“TT” Series 23000 switches provide 
long spring-action life, accomplished 
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Headquarters for 


HIGH POTENTIAL 


TS tare, 


Every over-potential testing need from the 
super-power generator to the appliance motor 
is met by a HYPOT®. 


150 KV Testing . . Mobile HYPOT® 


Non-destructive testing of power cables, generators, 
bushings and insulators with AC and DC test poten- 
tials from 45 to 150 KV. Newly developed DC Mo- 
bile HYPOT® offer test facilities equivalent to AC 
testers of greater bulk and are easier to handle, 
cost less. Write for bulletin “Mobile HYPOT®”’, out- 
lining your requirements. 


30 KV Testing . . Bench HYPOT® 


Widely employed for insulation testing of cables, 
power distribution equipment and heavy duty motors. 
Models available with AC and with DC test poten 
tials from 5 to 30 KV. Write outlining your needs. 


10 KV Testing . . Portable HYPOT Jr.® 


An advanced over-potential tester that enables anyone 
to make high potential breakdown tests. Separate lights 
indicate excess leakage current and insulation break 
down. Test voltage collapses on breakdown or shorts, 
protecting instrument and equipment. Models available 
with test voltage ranges from 1500 v a-c, to 10,000 va-c 
Write for bulletin “HYPOT Jr.®” 


Write Today 


ae LATED era 
sh a 


cal Testing Instruments Since 1936" 


nont Avenue © Chi ag 
Circle 242 on Inquiry Card 


20 to 
200 D.P. 


Send your prints 
for quotations 


FOR GAGES 


SPURS 
HELICALS 


WORM AND 
WORM GEARS 


STRAIGHT BEVELS | 
LEAD SCREWS | 
RATCHETS 
CLUSTER GEARS 
RACKS 

INTERNALS 

ODD SHAPES 


Quadrants and spindles with 
fine-pitch teeth are cut to 


ie close limits in our modern 
shop. Tell us your needs. 


ate % 


IN GEARS 


ZB. CAVE pan TE, VPA 


1035 PARMELE STREET, ROCKFORD, ILLINOIS 
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Design a 
radio-noise-free 
long-life DC motor, 
competitively 

ak priced! 


PREECE HE 


ANSWER: 
THE NEW BRISTOL 
TRANSISTORIZED 
SERIES #317 MOTOR 


Typical Bristol performance. A specialized answer for a special- 
ized problem. Designed for use in aircraft anticollision beacons, 
the Series #317 eliminates brushes and governor to do away with 
undesirable radio noise and increase reliability. The problem was 
solved, the price was right. One more example of Bristol's proven 
ability to apply a unique combination of skill, experience and 
production facilities to any design, cost of production problem 
you may have. Bristol engineers may find your answer by modify- 
ing a current Bristol standard, by varying voltage, shaft length, or 
providing shift and brake action. Or they may design a completely 
new synchronous timing motor specifically for your needs. Wher- 
ever the answer lies, Bristol will find it . . . quickly, efficiently, 
economically. Write now for catalog No. 160,:or ask’ for’ the 
Bristol representative in your area. 


BRISTOL MOTORS 


Division of Vocaline Company of America, Inc., Old Saybrook, Conn. 
Dept. ET-6 


Circle 244 on Inquiry Card 237 











NEW 


SLIDE 
SWITCH 


ACTUAL 
SIZE : 





PLANNED PERFECTION 
RUGGED « COMPACT 
DEPENDABLE 


Circle F announces a new, high reliability slide switch. A product of 
advanced engineering techniques, this new switch features silver alloy 
contacts and silver plated rockers, with the entire mechanism en- 
closed in a dust free, Hi-lmpact thermosetting plastic case 


Slow make — Slow break precision operation 
Specially designed non-welding contacts 


This built-in ruggedness provides the long-lasting dependable ser- 
vice so typical of Circle F products 


The new Switch — SPST — is available with screw terminals or 
with lugs designed for both soldering and push-on tabs 


It offers 2 hole mounting e 10 amp 250V A-C—15 amp 125V A-C 
e 3 amp 250V AC— 6 amp 125V A-C 
Special ratings on request 
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by use of long springs without any 
forms at point of flexing. Contacts: 
fine silver rated at 3 amp, 120 volt a-c 
non-inductive or palladium contacts. 
Mounted on 34-in. centers. Switchcraft, 
Inc., 5555 No. Elston Ave., Chicago 30. 

Circle 566 on Inquiry Card 


SMALL-APPLIANCE 
THERMOSTAT 


Model SA-5000, 5g-in. round and 4-in. 
thick, open or closed, with 1%-in. bi- 
metal snap-acting disk, can be used as is 


or enclosed in various metal housings. 
Vibration resistant. Low voltage drop; 
will handle currents to 20 amp, voltage 
to 240 volts a-c. Therm-O-Stats, Inc., 
P. O. Box 303, Chartley, Mass. 

Circle 567 on Inquiry Card 


LINEAR ACCELEROMETER 


Model A5O7TC, high-frequency re- 
sponse, unbonded strain-gage unit is 
temperature compensated and_ gas 
damped. Ranges: from +25 g through 
+100 g. Relatively constant damping 





from —65 to +250 F, without heater 
jacket. Excitation: 5 volts rms a-c or 
d-c. Full-scale open-circuit output: 
about +20 my at 5 volts. Weight: about 
4 oz. Statham Instruments, Inc., 12401 
W. Olympic Blvd., Los Angeles 64. 
Circle 568 on Inquiry Card 


(Continued on page 240) 
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... THEIR SOURCE FOR ELECTRICAL SHEETS 
For (4) YEARS 


Continuous patronage for almost half a century is the way 
one large electrical equipment manufacturer unequivocally 
endorses the quality of Acme-Newport sheets. He knows 
what he needs for his widely varied products, and long ago 
found that our special department for electrical sheets 
knows exactly how to make it. Uniform physical, electrical 
and magnetic properties are attained by strict adherence to 
specifications, and by complete quality control throughout 
every processing step. What we do for others we can do 
for you, if you will discuss your requirements with our 
metallurgists. 








BLANKET 


PROTECTION! 


ELECTRIC MOTORS 
Tipp City, Ohio 


*duPont TM 





New Thermoseal® insulation for 
all A. O. Smith fractional 
and integral hp motors 


And you pay no more for this across-the- 
board protection a perfectly balanced 
combination of slot and phase insulation, 
magnet wire and insulation varnish. Ac- 
commodates greater temperature rise, re- 
sulting in extended life and dependable 
operation under the most severe operat- 
ing conditions. Write today for full facts 


on Thermoseal. 
Copyright 1960, A. O. Smith Corp. 
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CLASS H UNSUPPORTED TAPES 


CHR 
a 


GUIDELINE self-adhering, triangular tape with col- 
ored line at apex for guiding overlapping layers. 
Tape has an interliner and requires no heat for 
bonding adjacent layers. Also supplied in rectang- 
ular form without center line. 


CLASS H SUPPORTED TAPES 


Cured Tapes: Silicone rubber coated tapes in 
many variations of thickness, silicone compound and 
base fabric. 

Semi-Cured Tapes: A semi-cured silicone rubber 
coating on glass or other fabric. Tape has no inter- 
liner and heat is required to bond multiple layers 
of tape. Tape can be supplied coated on one side 
or two sides. 

Self-Adhering Tapes: A self-adhering silicone 
rubber coating on glass or other fabrics. 


TEMP-R-T APES: 


@ Pressure-Sensitive Tapes: Thermal curing tapes 


with backings of Teflon® glass fabric and silicone 
coated glass fabric—all with silicone adhesive. 
Available from stock. 


For additional data, we invite your inquiry. 


ELECTRICAL AND INDUSTRIAL SPECIALTY TAPES 


(Gaia CONNECTICUT HARD RUBBER CO. 


Main office: New Haven 9, Connecticut 


Circle 248 on Inquiry Card 






SINGLE-END 
ENCLOSED DIFFERENTIAL 
Model T753 is manufactured in Bureau 


of Ordnance sizes 5, 8, 11, 15 and 18 
and has been engineered for high- 





minimum 


speed rotation, backlash. 
low break-away torque and maximum 
rotational output torque. Precision ball 
bearings throughout. Stainless and 
aluminum construction. Sterling Pre- 
cision Corp., Component Div., 5 Sint- 
sink Dr., Port Washington, L.I., N.Y. 

Circle 569 on Inquiry Card 


GLASS-BASE EPOXY 


G-10-839, a flame-retardant resin lam- 
inate, comes in 40 x 48 in. sheets, 1/32 
to 1 in. thick. Flexural strength: length- 
wise, 66,000 psi; crosswise, 60,000 psi. 
Izod impact: lengthwise, 12.1 ft-lb/in.; 
crosswise, 9.33 ft-lb/in. Tensile 
strength: lengthwise, 52,000 psi; cross- 
wise, 44,500 psi. Compression strength: 
52,550 psi. Specific gravity: 1.90. Water 
absorption: 0.10 per cent. Rockwell 
hardness M scale: 103. Electric break- 
down: 52.2 kv. Spaulding Fibre Co., 
Inc., 310 Wheeler St., Tonawanda, N.Y. 

Circle 570 on Inquiry Card 


THREE-COLOR INDICATOR 
LIGHTS 


Capsules R2401 and R2402 use white 
lamps and color filters to provide three 
colors in a single indicator unit. By use 
of miniature circuit and components. 





visual information is displayed. Radar 
Relay, Inc., 2322 Michigan Ave., Santa 
Monica, Calif. 

Circle 571 on Inquiry Card 


MINIATURE TEMPERATURE 
TRANSDUCER 


R157 transducer contains reference- 
grade platinum wire which converts 
temperature change into an electrical 
signal for transmission to a remote 
bridge circuit. Measuring range, —50 
to +250 F, with calibrations at five 
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Write today for complete specifications 
Representatives in principal cities 


Over 1000 firms throughout the 
world in just a few years prove 
unprecedented acceptance of IEE 
digital readouts, 


InpusTRIAL ELECTRONIC ENGINEERS, inc.’ | 


5528 VINELAND AVENUE 
NORTH HOLLYWOOD, CALIFORNIA 
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ELECTRICAL INSULATING PAPER 


® Dielectric strength — 300 volts © Density: 1.30 — 1.35 
per mil ® Thickness from .004” to .030” 
® Tensile strength—13—16,000 ® 100% rag stock paper 
Ibs./Sq. In. ® No sizing or fillers used. 


“Glazed roll” finish — others available. 
Can be combined with other materials. 
Available in rolls, sheets or coils. 


High Performance Electrical Insulators 
COPACO — Highest grade 100% rag insulation paper 


COPAREX — Economical grade 100%, rag insulation paper 


COPALAM — Class 8 asbestos — glass laminate insulation 
moterial 


Write for free samples, literature and name of 
nearest Cottrell representative. 


10 Purchase St. Fall River, Mass. 
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... flexible to meet 
every requirement 


Clare mercury-wetted contact relays are avail- 
able in printed circuit assemblies, modules, con- 
ventional plug-in relays and special assemblies. 
Either of two basic switch capsules...HGS for 
especially fast, sensitive operation or HG for 
higher contact loads...is provided. These relays 
are tested for billions of maintenance-free oper- 
ations. They never get out of adjustment, never 
bounce or chatter. 


eo : mi 


The remarkably long life of CLARE mercury-wetted 
relays is the result of a design principle whereby a 
film of mercury on the contacts is constantly renewed, 
by capillary action, from a mercury pool. Switches are 
sealed in a glass tube in high-pressure hydrogen 
atmosphere. 


For complete data write for Design Manual 201-A 


Cc. P. CLARE & CO., 3101 Pratt Bivd., Chicago 45, Illinois. 
In Canada: C. P. Clare Canada Ltd., 
840 Caledonia Road, Toronto 19, Ont. 
Cable address: CLARELAY. 


Cc. P. CLARE & CO. 


Relays and Related 
Control Components 
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Westinghouse 


TRI-SNAP 
THERMOSTAT 


A PRODUCT OF 
WESTINGHOUSE ELECTRIC CORPORATION 
MANSFIELD, OHIO 


You can be sure... if it's Westinghouse. Typical of the many great 
products described by this famous slogan are the safe, clean, efficient 
Westinghouse Electric Water Heaters. Westinghouse Water Heaters 
more than match the demands in today’s homes for a constant 
supply of hot water. The secret of their maximum operating efh- 
ciency is the Direct Immersion Element—a unique heating element 
installed inside the tank. Completely immersed in the water, it 
heats silently and safely . . . no heat is lost. 


A most important contribution to the efficient and economical 


operation of these fine water heaters is the Tri-Snap Thermostat, 
the automatic temperature control which accurately controls the 
heating element to keep the water at its pre-set temperature (from 


* 120°F to 170°F). 


The Tri-Snap Thermostat is actuated by a three-legged element of 
inherently snap-acting Chace Thermostatic Bimetal. Chace has long 


; been recognized for the extreme dependability of its one product: 


precision Thermostatic Bimetal. In the field of Bimetal for snap- 
acting elements Chace is the unchallenged leader. The Chace Ther- 
mostatic Bimetal in this application can be expected to perform for 
years—exactly as specified through thousands of cycles to help 
prove that “You can be sure... if it's Westinghouse”. Manufacturers 
the world over know their names are safe on the outside with Chace 
Thermostatic Bimetals on the inside of their products. 


Sead Now For Our New” Information Booklet” / 


It contains many well illustrated pages of valuable design data and 
examples of successful applications of bimetal! More than 40 types 
of Chace Thermostatic Bimetal are available in coils, strips and 
completely fabricated elements of your design. 


W. M. CHACE CO. 





Thewmortalic Bimetal 


1608 BEARD AVE., DETROIT 9, MICH. 
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points and accuracies of +0.5 F in the 
standard unit and +0.1 F in the pre- 
cision unit. Time constant, less than 
2 sec nominal, measured in icewater 
with nominal resistance at 32 F of 
244.5 +5 ohms for the standard unit 
and +3 ohms for the precision unit. 
Nominal excitation, 5 ma for standard 
unit and 2 ma for precision unit. In- 
strument Div., Quantitron, Inc., 
Angeles. 


Los 
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STATIC POWER CONVERTERS 


CN line of d-c to d-c 100-watt conver- 
ters features short-circuit-proof oper- 
ation of —20 to +50 C. Shock and 
vibration resistant. Input: 6, 12, 18, 24, 





and 28 volts d-c, with +20 per cent 
allowable variation. Output: 600, 300, 
150 and 100 volts d-c at 100 watts, with 
less than 0.5 per cent rms ripple. Octal 
socket or pigtail terminations available. 
PRL Electronics, Inc., 232 Westcott 
Dr., Rahway, N. J. 

Circle 573 on Inquiry Card 


VARIABLE DIRECTIONAL 
COUPLERS 


“Tri-Plate,” for strip transmission-line 
circuits with coupling as tight as 2 db, 
has broadband applications, can _per- 
form as adjustable directional coupler, 
power divider or variable attenuator 
with controllable power-handling ca- 
pacity and wide attenuation range. 
Nine models available in three over- 
lapping frequency ranges, each cover- 
ing one or more octaves between uhf 
and upper S band. Three models avail- 
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The new General Instrument ‘SP’ series offers a combination of electrical characteristics 


never before possible in ultra-fast switching silicon diodes. The complete line, including the 
popular IN914, IN916 and IN903 series, are immediately available in production quantities. 
They all feature nanosecond switching speeds, coupled with either high conductance, low 
leakage current or low capacitance. Check the chart. Then call the General Instrument 
sales office or franchised distributor nearest you for complete specs. Or write today to 


General Instrument Semiconductor Division, 65 Gouverneur Street, Newark 4, New Jersey. 


Breakdown@ Maximum Reverse Current (uA) Forward Current Reverse Recovery Capacitance Rectification® 


TPE Voltage (BV) 25°C 150°C Test Voltage@ (Min. mA @IV) Max. (musec)@ at Va=—0 (pf)@ Efficiency 


SP100 75 0.1 100 50 10 2 2 45% 
SP101 30 025 50 20 100 2 2 

SP106 125 .025 50 100 100 2 2 45% 
INS14A 100 .025 50 20@ 20 4 a 45% 
IN9S16A 100 025 50 20@ 20 4 2 45% 

@ Breakdown Voltage at 100 uA. @ Voltage at which Reverse Current measurements were taken. @ Switching ls= 10 mA 


to V~p=—6.0 V R_= 100 ohms recovery to 1 mA. @ Measured at 1 megacycle. @ Measured at 100 megacycles using MIL- 
STO-19500 test circuit. @ Reverse leakage when measured at —75 Volts and 25°C shall not exceed 5 wA. 


~~ | GENERAL INSTRUMENT CORPORATION 
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Wiley BOOKS 


MAGNETIC CONTROL OF 


INDUSTRIAL MOTORS, in three volumes 
By GERHART W. HEUMANN, General Electric Co. 


The general theme of these three volumes encompasses magnetic de- 
vices and accessories as used for controlling industrial motors. They 
may be used as individual motor starters or as power actuators in auto- 
matic control systems. In what is primarily a book on applications, 
controllers for industrial-type A-C and D-C motors are carefully 
analyzed; then each type of motor is given full treatment in conjunc- 
tion with its associated controllers. 

Performance data for the A-C squirrel-cage, wound-rotor, and syn- 
chronous motor are presented, as well as material on D-C and shunt 
motors. This is accompanied by formulas useful for calculating motor 
performance when motors are used with different types of controllers. 
Principal circuits, selection of controller sizes and components, €co- 
nomic factors affecting controller selection, motor protection, and ex- 
isting safety codes and standards are also given the most thorough 
coverage possible. 

PART I: A-C Control Devices and Assemblies. 1961. 273 pages. $9.00. 


PART !1: A-C Motor Controllers. 1961. 334 pages. $9.00. 
PART I11: D-C Motor Controllers. 1961. Approx. 3-20 pages. $9.00. 


OPERATIONAL ELECTRICITY 


Theory, Characteristics, Applications, and 
Mode of Operation of Circuits and Machines 


By CHARLES I. HUBERT, U.S. Merchant Marine Academy, Kings 
Point, N.Y. A major break from tradition, this book integrates the 
study of A-C and D-C machines. It recognizes that the fundamentals 
apply equally to both systems—that D-C is a special case of A-C at a 
frequency of zero cycles/second. Wherever possible the author has 
injected applicable operating techniques in addition to clear descrip- 
tions of parallel operation of generators, selection and application of 
motors and controls, magnetic controllers, and regulators. 1961. 
Approx. 512 pages. Prob. $8.50. 


ESSENTIALS OF 


DIELECTROMAGNETIC ENGINEERING 


An Introduction To the Thinking In and the Use 
of Ferrites and High-Permittivity Dielectrics 


By H. M. SCHLICKE, Manager, High Frequency Laboratories, Allen- 
Bradley Co. Written for the engineer looking for facts about possibili- 
ties and limitations inherent in magnetically soft ferrites and high- 
permittivity dielectric polycrystalline ceramics. Both categories, 
termed “dielectromagnetics,” are treated together, because they com- 
plement each other in several aspects. Includes many examples and case 
histories, which illustrate general principles. 1961. 242 pages. $9.50 


Send now for your on-approval copies 


JOHN WILEY & SONS, Inc. 
440 Park Avenue South, New York 16, N.Y. 
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able in each frequency band, with 
coupling at 3, 8 or 20 db. Sanders As- 
sociates, Inc., 95 Canal St., Nashua, 
N. &. 

Circle 574 on Inquiry Card 


20-DECK PRECISION 
INSTRUMENT SWITCHES 
Low torsion and drag-in brush design 


allow many decks to be stacked. Units 
conform to military specifications. Fine- 







ee 
silver collector rings and brushes resist 
corrosion. Contact resistance: 1.3 +0.2 
milliohms. Langevin, Div. of Sonotec 


Inc., 503 S. Grand Ave., Santa Ana, 
Calif. 





Circle 575 on Inquiry Card 
PHENOLIC PLASTIC 


General-purpose, quartz and_ silica 
phenolics are designed for compression 
and transfer molding of parts. General- 
purpose has good mechanical and elec- 
trical properties with recommended 
heat range up to 300 F. Quartz has high 
ablation resistance and heat insulation 
properties and may be exposed to 5000 
F and up under erosive conditions for 
short periods. Silica has high strength 
and may be exposed to 500 F for long 
periods. Pam-Pro Plastics, 1075 O’Brien 
Dr., Menlo Park, Calif. 

Circle 576 on Inquiry Card 


ELECTRONIC DRIVE 


Drive has speed range from 2:1 to 
100:1. Operates from single-phase a-c 
supply. Pair of grid-controlled thyra- 
trons and diode tubes provide full- 
wave rectified voltage to drive-motor 


Oils 





armature. designated 


Complete unit 
Class 8833 Type BG includes controller, 
pushbutton station and drive motor. 
Available in 34 to 4 hp. Square D Co., 
Dept. SA, 4041 No. Richards St., Mil- 
waukee 12. 


Circle 577 on Inquiry Card 


4-LAYER DIODE 
TO-18, Types 2N892 through 2N901 


silicon p-n-p-n units, with complete 
ON-OFF control at single-base input, al- 
low binary functions to be accomplished 


Circle 255 on Inquiry Card > 








TEFLON* INSULATING MATERIALS—pressure 
sensitive and non-pressure sensitive tapes, spaghetti 
and large size flexible tubing, Hi-VPM film... 


for tough, temperature-stable Class H service. 


*Du Pont Trademark 


PERMACE 


NEW BRUNSWICK, NEW JERSEY «+ TAPES« ELECTRICAL INSULATING MATERIALS+ ADHESIVES 














TYPE MRR 


Miniature Reed Relays 


1,2,4 and 12-POLE ENCAPSULATED TYPES 


12 poles in a sturdy unit only 2-1/8” long 
(including leads) x 19/32” deep x 1-25/32” wide! . . 
1, 2 and 4-pole types similarly miniaturized . . . 
designed for reliable light load switching . . . 
In-line terminals for 0.1” grid center mounting .. . 
Normal operate times less than 1 msec for 1-pole units . . . 
2.5 msec for 12-pole... 
Release less than 0.3 msec for all... 
Write for Bulletin MRR-1 to: 
Struthers-Dunn, Inc., Pitman, New Jersey 


STRUTHERS-DUNN 


World's Largest Assortment of Relay Types sqaseesseee 


Sales Engineering offices in: Atiante . Boston . Buffalo « Charlotte « Chicago « Cincinnati « Cleveland 
Dallas - Dayton +» Denver . Detroit . High Point . Kansas City » Los Angeles » Montreal . New York 
Orlando « Pittsburgh » St. Louis . San Carlos . Seattle » Toronto » Export: Langguth-Olson Co., New York 
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with only one active element per stage. 
Practical logic levels down to 1 ma are 
possible. Voltage ratings to 200 volts. 
Meet MIL-S-19500. Solid State Prod- 
ucts, Inc., 1 Pingree St., Salem, Mass. 

Circle 578 on Inquiry Card 


SIZE-5 SERVOMOTOR 


Motor 5351-01 is 1 in. long, weighs 0.7 
oz, has 0.12 oz-in. torque at stall. Unit 
operates continuously over —55 to 
+125 C temperature range. No-load 
speed, 9500 rpm min; time constant, 





0.020 sec; reversing time, 0.034 sec; 
rated voltage at 400 cps, 26 volts; in- 
put current at stall, 0.08 amp. John 
Oster Mfg. Co., Racine, Wis. 


Circle 579 on Inquiry Card 


PRECISION ANTI-BACKLASH 
GEAR 

Stainless-steel, two-piece gears for com- 
puters, navigation and guidance sys- 
tems and ground-control equipment 





Wa: Bl ay ty 


are spring loaded to eliminate backlash 
in the mechanism. Diameter and con- 
centricities are held to 0.0002-in. toler- 
ances and gear conforms to AGMA 
Precision Class 3. Diametral pitch is 
96 to 120. Roi Gears, Inc., 2670 E. Wal- 
nut St., Pasadena, Calif. 

Circle 580 on Inquiry Card 


ADJUSTABLE WIREWOUND 
RESISTOR 


Resistor adjustment is attained by un- 
ravelling one end before permanent 
connection. Adjustment range, 0.001 
ohm to 5 megohms. Adjustments stable 
to within 1 milliohm. Temperature co- 
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FE 


comes through in the clutch 


Manufacturer’s Problem: What type of 
clutch to use in a new, self-propelled prod- 
uct. Solution: Call the Amplexologist. 
Result (shown): A unique, heavy-duty 
centrifugal clutch with only two spring- 
operated friction shoes. Designed with a 
minimum of moving parts. Produced at 
minimum cost through advanced powder 
metallurgy. 


AMPLEX 


DIVISION 

CHRYSLER 
CORPORATION 

DETROIT 31, MICHIGAN 


— 


SEND FOR THE SECRET 
OF THE 
AMPLEXOLOG/ST’S SUCCESS 


New... low cost. 


W. specialize in production machines for electrical and 
electronic needs. Used by leading makers of PW boards 
for setting funnel flange, standardized, and special eye- 
lets, from smallest sizes to 34”. Best value on the market. 


Model 101 air-operated machine automatically adjusts to 
various thicknesses. Cuts damage when setting plastics, 


ceramics, ed boards, glass, nee etc. 
ESLER So 


FREE BULLETIN NO. “AE100 


SRO Eat a 5, rahe CRE wen OO BABE SAUTE EE IE AEGIS 
Solve your eyelet ieashion: pide fost — Write today. 


FE veLtet roo.t co. 
INCORPORATED 
31 Carleton Street, Cambridge, Mass. 
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q ENGINEERING MANUAL 
45 pages of technical information: How 
to determine correct applications for 
powcler metal parts, bearings, filters. 


Ci 257 on Inquiry, Card 





iE AIMPLEXOLOGI ST 


2 NEW BEARING STOCK LIST 
20 pages. 1066 standard sizes of Oilite self- 
lubricating bearings— bearing material. 
Selection guide, engineering data. 





eee ko nein 
motorized 
speed reducers 


available from stock 


Yes! 956 different combinations of Perfection Motorized 
Worm Gear Speed Reducers are available for immediate 
delivery, from stock. Ratios range from 5 to 1 to 60 to 1, 

apaci item 16-082. to 5 H.P. 


No. M-140. 
Licensed under Pat. 2,868,031 


AMERICAN STOCK GEAR Division 


PERFECTION GEAR COMPANY HARVEY, ILLINOIS 
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ROYAL “POWRIZED” CORDS 
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Your tools, appliances, and other electrical equipment will look better, 
work better, sell better . . . with Royal-designed power supply cords, 
complete and exact to your specs in every detail. In black or colors to 
match your product styling. Trade marked or name branded. In rubber, 
neoprene, vinyl or braided jackets — with molded-on caps, connectors, 
strain reliefs, special attachments — dimensioned for fast, low-cost 
assembly to your product. Remember, too, we've a big toolroom of stock 
molds to cut or eliminate design time and tooling costs. Prompt deliveries. 


ROYAL ELECTRIC CORPORATION * PAWTUCKET, RHODE ISLAND 


WRITE FOR Engineering Catalog No. 5-59 
Or Ask to Have Our Representative Call y 
in California: Electric Cords & Supply Corp. oe 
413 East 3rd St., Los Angeles 13 Jecectric/ Tr 
++) OM @sseciote of 


in Canada: Royal Electric Company (Quebec) Ltd., 
Pointe Claire, Quebec 


Circle 260 on Inquiry Card 








615-OBP-! 


efficient, through 2 ppm/deg C. Re- 
sistance drift, through 0.001 per cent/ 
yr. Resistance element sealed in epoxy 
resin. Power ratings, through 5 watts 
at 125 C. Shock, vibration and humidity 
resistant. Rotohmeters, Inc., 46 Pros- 
pect St., Yonkers, N. Y. 

Circle 581 on Inquiry Card 


HIGH-VOLTAGE 

CHANNEL RECTIFIERS 

Units to 17,000 piv with range of 20 
ma continuous duty and 1 amp surge 
are designed for high-tension applica- 
tions such as X-ray, beam welders, pre- 
cipitators and test equipment. Channel 


So ee ammo 
a 


construction suitable for applications 
in oil or air. Sizes: 4% in. long x 1% 








in. sq to 8Y% in. long x 5% in. sq. Se- 

lenium Div., Radio Receptor Co., Inc., 

240 Wythe Ave.. Brooklyn 11, N.Y. 
Circle 582 on Inquiry Cad 


SYNCHRONOUS MOTORS 


Vane-cooled hysteresis motors with 
axial air-gap design are 2 in. high x 4 
or 5 in. diam and come in seven speeds 
from 360 to 3600 rpm. High start-run 


torque characteristics and low induced 





flutter for capstans, memory drums 
pulse generators, etc. Built-in shielding 
retains stray flux. Ambient tempera 
ture range, —32 to +-135 C. Rotax, Inc 
2209 Federal Ave.. Los Angeles 64. 
Circle 583 on Inquiry Card 


PHOTOSENSITIVE SILICON 
SWITCH 


“Photran” is a light-actuated p-n-p-n 
device with over 10-megohm impedance 
when orF and under 10-ohm impedance 
when triggered ON by light. Output de- 
termined by load and is independent 
of light input at all levels above trig- 
gering. Size, 0.185 in. diam x 0.800 in.- 


ELECTRO-TECHNOLOGY 





Ultronix, Inc., San Mateo, Calif. 
turer of quality electronic 
, effectively utilizes PLASKON 
putty-type Alkyd in resistor production. 

The resistor pictured above in several 
embly includes an ingenious 


manufac 


component 


tages of ass 
combination of three Alkyd parts— 
each one molded within the other— 

a most severe test of dimensional 
stability, moisture resistance, 

and consistency in performance. 
resistor is built to meet or exceed 
all requirements of MIL-R-93B and 
MIL-R-9444. 


This 


PLASKON Alkyd Molding Compounds 
are outstanding for the c most 
sary in molded parts for 
and electrical applications. 
Competent Plaskon representatives 
will be glad to discuss material 
ommendations and fabricating 
techniques to fit your performance 
requirements. Telephone your local 
Plaskon representative or write to: 


ualities 
neces 
electronic 


re 


JUNE 1961 


Plaskon 


PLASTICS 


40 RECTOR STREET, 
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Encapsulation with 

putty-type Alkyd satisfies 

need for reliability by 

resistor maker and customers. 


Today’s creative engineers design with 
PLASKON Alkyd in mind for the man- 
ufacture of delicate electronic compo- 
nents. Here are reasons why electronic 
engineers prefer PLASKON putty-type 
Alkyds as the encapsulation medium: 


Simple to fabricate . . . molds quickly 
at extremely low pressures... permits 
rapid production cycles. 


® Clean to handle... nothing to mix. 


® Dimensional stability prevents dis- 
tortion or damage to delicate inserts. 


® Coefficient of linear thermal expan- 
sion is similar to that of popular wire 
alloys... reduces strain in service... 
aids the functioning of encapsulated 
units. 


® Thermal conductivity helps to dissi- 
pate heat faster, resulting in less change 
in resistance value before and after 
encapsulation. 


® Available in colors, for coding. 
® More economical than most encapsu- 


lating processes. 
rN 
( 


BASIC TO AMERICA’S PROGRESS 


ied 


DIVISION 1emical 


NEW YORK 6,N.Y. 
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N, J.-1028 


THE ‘HEART’ OF 
THE MARKITE 
POTENTIOMETER 

m~, 


1. A potentiometer ele- 
ment — embodying resist- 
ance track and take-off 
track of conductive plas- 
tic co-molded to an in- 
sulator base. 2. An 1-S 
cantilever dual spring 
(with precious metal 
wipers); maintains con- 
tact with conductive 
tracks even under 70g vi- 
bration at 5-2000 cps, 
100g shock and 100g ac- 
celeration! 


mack. PROCESSED 
etre COME wee) 


mee meme ese ees eee eeeeeeeeaseee 


Instrument Specialties’ cantilever 
springs provide high reliability in 
potentiometers, servomechanisms, 
electro-mechanical controls and in- 
struments for aircraft, missiles and 
similar continuous-duty applications. 


Employed in Markite conductive plas- 
tic precision potentiometers, I-S be- 
ryllium copper cantilever springs 
maintain their high spring forces... 
thereby complying with Markite’s 
standards for infinite resolution and 
minimal contact noise over an opera- 
tional life span of more than 50 mil- 
lion revolutions. 


if you have a spring problem—Ask I-S engi- 
neers for a recommendation on your specific 


application; or request catalog 
containing complete data on I-S Par enl 
SEE OUR 
CATALOG In’ 
(ne 


Beryllium Copper Compression 
Springs, Flat Springs, Contact 
Strips, Strip Springs, Contact 
Rings and Screw Machine Parts. 


INSTRUMENT SPECIALTIES 
COMPANY -« INC. 


254 Bergen Bivd., Little Falls, N. J.—Telephone: CLifford 6-3500 
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long. Capable of up to 300-ma load cur- 
rent at up to 200 volts with over 98 per 
cent efficiency. Solid State Products, 
Inc., 1 Pingree St., Salem, Mass. 

Circle 584 on Inquiry Card 


INSULATORS 


“Refrasil” has physical properties not 
adversely affected in 1800 F use. 
Thermal and mechanical properties 


stable in exposure to nuclear radiation. 
Vitreous’ silica fiber cloth used for pre- 
formed electrical insulating parts. 
Stevens Products Inc., 86-88 Main St., 
East Orange, N.J. 

Circle 585 on Inquiry Card 


PRESSURE INDICATOR 


Teledyne 236, a 414-lb, 115-volt instru- 
ment, can indicate pressure, thrust or 
torque measurement up to 4% mile 


away. Can be calibrated to operate in 
pressure ranges from 0 to 10,000 psi. 
Taber Instrument Corp., 107 Goundry 
St., North Tonawanda, N. Y. 

Circle 586 on Inquiry Card 


BELL-SIGNAL TIME SWITCH 


Series 45,000 and 46,000 “Mark-Time” 
switches, with DPDT circuit capacity, 
utilize a UL-approved, 15-amp, 125- 
volt a-c switch. Can be used as a man- 


ELECTRO-TECHNOLOGY 





Flectronic Products 


by CARBORUNDUM’ 


Photo-electric street light controls 
protected against transient voltages 
by Carborundum’s Varistors 


Millions of street lights are now 
switched on and off automatically by 
photo-electric controls such as the 


eR ee 


Lumatrol® unit made by Micro Bal- 
ancing Inc., Garden City Park, Long 
Island, N. Y. 


Basic components are a cadmium 
sulphide cell in series with the heater 
winding of a thermally actuated snap 
switch. Resistance of the cell, which 
changes with light, controls current in 
the heater winding around a bimetal 
strip and thus operates the switch. 


While cells are quite rugged, they 
are extremely sensitive to over-volt- 
age caused by switching transients or 
static discharges. To guard against 
damage, Lumatrol controls make use 
of the voltage-sensitive resistance 
characteristic of Carborundum’s 
GLOBAR varistors. These are silicon 
carbide resistors which exhibit an 
instantaneous decrease in resistance 
with an increase in applied voltage. 


Carl Le oh > lll Son 


Precision tuners use CARBORUNDUM CERAMIC SHAFTS 


Shown above is a rotor of a precision- 
RF tuning device used in a military 
transmitter-receiver unit. It is manu- 
factured by the Radio Condenser 
Company, Camden, N. J. 


The ceramic shaft with attached 
brass bands, nose piece and bearing 
sleeve is supplied by Carborundum’s 
Latrobe Plant. 


Proper meshing of the gears re- 
quires that concentricity between the 
nose piece and the bearing surfaces be 
held to .0015 T.I.R. and concentricity 


between the rotor sleeves be held to 
.002 T.I.R. The ball race must have an 
eight micro inch finish to meet Gov- 
ernment. requirements. Extreme pre- 
cision must be maintained to avoid 
changes in capacitance during opera- 
tion of the unit. 


Precision ceramic or ceramic-to- 
metal assemblies like this are a spe- 
cialty of our Latrobe Plant. If you 
have any problems of this kind, write 
to Dept. ETC-61, Latrobe Plant, Re- 
fractories Division, The Carborundum 
Co., Latrobe, Pa. 


Circle 264 on inquiry Card 
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PHOTOCONDUCTIVE 
CELL 


FOLLOW UP 
CURRENT LIMITERS 


LOAD 


Connected across the cadmium sul- 
phide cell and from line to neutral, 
they effectively bypass harmful tran- 
sient voltages. 


If you have any application requir- 
ing surge voltage or similar protec- 
tion, maybe Carborundum varistors 
can help. For information on types 
and sizes, write Dept. ETV-61, Globar 
Plant, Refractories Division, The Car- 


borundum Co., Niagara Falls, N. Y. 
Circle 263 on Inquiry Card 


NEW BOOKLET AVAILABLE ON 
GLOBAR® Type BRN VARISTORS 


Non-linear, voltage sensitive resistors 
are finding many applications for 
stabilization or voltage control in elec- 
tronic circuits. This booklet gives full 
information. For your copy, write 
Globar Plant, Refractories Division, 
Dept. ETV-61, Carborundum Co., 
Niagara Falls, N. Y. 
Circle 265 on Inquiry Card 


__ For ceramic parts and metallized assemblies, Kovar alloy, coramnic realtors, varistors and thermistors . . count on CARBORUNDUM® — 
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1VREL’ FB 


DEPOSITED CARBON 
RESISTORS 


Send for Bulletin: 7010-B 


BLUE JACKET 


VITREQUS ENAMEL-PROTECTED, 
POWER WIREWOUND RESISTORS. 


Send for Bulletins: 
7410-A (Axial Lead), 7400-A (Tab Type) 


—— CERAMIC INSULATED-SHELL, 
; POWER WIREWOUND RESISTORS. 


Send for Engineering Bulletin: 7300-A 


6 PERMASEAL 


PRECISION WIREWOUND RESISTORS. 


Send for Engineering Bulletin: 7500 
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“FILMISTOR 





ual switch. available 


Timing ranges 
from 60 sec to 12 hr. M. H. Rhodes, 
Inc.. 30 Bartholomew Ave., Hartford 6, 
Conn. 


Circle 587 on Inquiry Card 
SOLID-STATE TIMERS 


Timing cycles of hermetically sealed 


| time-delay relays, timing modules, flash- 


i 





PRECISION CARBON FILM RESISTORS. 


Send for Bulletins: 
7000 (Molded shell), 7010-B (Ceramic shell) 


~MEG-0-MAX 


GLASS JACKET HIGH VOLTAGE, 
HIGH POWER RESISTORS. 


Send for Engineering Bulletin: 7200-A 


SPIRAMEG | 


HIGH-RESISTANCE SPIRAL ELEMENT 
RESISTORS. 


Send for Engineering Bulletin: 7100 








= 
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SPIRAMEG—— 
TYPE 7OIE 





SPRAGUE ELECTRIC COMPANY 
307 Marshall Street North Adams, Mass. 


SPRAGUE COMPONENTS: RESISTORS @ CAPACITORS @ MAGNETIC COMPONENTS @ TRANSISTORS 
INTERFERENCE FILTERS @ PULSE NETWORKS @ HIGH TEMPERATURE MAGNET WIRE © PRINTED CIRCUITS 
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ers and pulse generators may be se- 
lected from 0.005 to 900 sec with toler- 





ances as close as +1 per cent during 
input voltage change of +25 per cent. 
Recycle time, 5 millisec. Units with- 
stand up to 100-g shock and vibration 
of 30 g up to 2000 cps. Slip Ring Co. 
3612 W. Jefferson Blvd.. 
Angeles 16. 


of America, 
Los 
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PERMANENT-MAGNET 


MOTOR 
PM-1 shock-resistant motor provides 
| efficiencies as high as 54 per cent 


through high flux utilization and re- 





| quires low input current at full load. 
| Weight, less than 24% oz. Dimensions, 
7% in. diam by less than 2 in. long. 
Brush life, over 1000 hr. Temperature 
range, —55 to +100 C. Reflectone 
Electronics, Inc., Post Rd & Myano 
Lane, Stamford, Conn. 
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CORE-TRANSISTOR 
FLUX COUNTERS 


Series 73Z counter, using rectangular- 
hysteresis-loop magnetic cores, provides 
counting to speeds of 10 ke. Type 73Z] 
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MOTORS 
sper aia 
POUND? 


You're buying motors by the pound 
when price is the only consideration 


Automated production lines 
multiply the cost of motor failure 


Automated production lines can’t afford motor drives 
selected on the basis of price alone. For when a group 
of machines are linked in series, with each dependent 
on the preceding machine to supply it, a motor failure 
in the line quickly multiplies the cost of downtime. 


Wagner® totally-enclosed, fan-cooled Type EP and JP 
motors are perfect power packages for automated lines. 
They are completely protected against dust, abrasives, 
fumes, stéel chips, or filings. Both ends of these motors 
have running shaft seals to keep their heavy-duty bear- 
ings clean. These Wagner motors will keep your pro- 


duction rates up, delivering full rated horsepower under 
the toughest conditions... staying on the job with con- 
tinuous service. They have earned their reputation for 
proven dependability. 


Next time you buy motors, check beyond the purchase 
price. Make sure that you get all the performance you 
need—with motors that will do the job. 


Wagner motors have been getting the job done for more 
than 65 years. Your Wagner Sales Engineer will be glad 
to show you why. Call him for an analysis of your next 
motor application, be it for plant or product. 


Branches and Distributors in all Principal Cities 


Wagner Electric Corporation 


WG-7 
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Increasing reorders offer new proof that 
engineers prefer Phillips Micro-Miniature Relays 


MORE DEPENDABLE CIRCUIT SWITCHING — Phillips specialization in impulse 
relays assures you of manufacturing and engineering above reproach. 
Reliability is not just a word at Phillips, it is a fact. More new orders, 
as well as increasing reorders, for micro-miniature relays help to prove en- 
gineers really do prefer the quality in Phil-Trol. 

THOROUGH PRETESTING— In contact life, electrical characteristics, circuits, 
environment, vibration, and shock tests, Phillips meets and exceeds the 
most rigid military and commercial specifications. 

VERSATILE APPLICATION —In resistance values, mounting and terminal 
arrangements, Phil-Trol micro-miniature relays are manufactured to a wide 
variety of specific equipment needs. They are ideal for supersonic aircraft, 
intercontinental missiles, ground support, data processing and communi- 
cating systems. 

PROMPT DELIVERY, ENGINEERING ASSISTANCE —The immediate acceptance 
and expressed preference for our micro-miniature relays have brought about 
increased manufacturing emphasis. We are geared to meet large as well 
as small orders on almost an immediate acknowledgment basis. In addi- 
tion, Phillips offers experienced engineering assistance where needed in 
direct relationship to the use and application of circuit switching. 


Write Today for Free Buyer's Guide and Technical Information 


a Sed) LL Ld eS 


PHILLIPS CONTROL COMPANY e JOLIET 1, ILLINOIS 
A Division of Phillips-Eckardt Electronic Corporation 
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decade counter provides an output 
signal for every 10 output pulses, then 
resets in preparation for next cycle. 
For higher counting, two or more 
counters may be cascaded. Other types 
available. Sprague Electric Co., 307 
Marshall St., North Adams, Mass. 

Circle 590 on Inquiry Card 


MAGNETIC AMPLIFIER 


Metal-encased Model 1269 amplifier 
has excitation voltage of 115 volts; 
frequency is 400 cps. Signal voltage is 
80 mv, signal current is 40 pamp. 





Linearity is +5 per cent, gain stability 
is +2 per cent. Dynamic braking, with 
motor as load, is 200 ma d-c with zero 
input signal. Measures 55% in. long x 
3% in. diam. Lumen, Inc., P.O. Box 
905, Joliet, Tl. 

Circle 591 on Inquiry Card 


SOLDERLESS CONNECTOR 


“Connecto-Blok” may be used as a 
multi-pin connector or as a terminal 
block. Connection between two wires is 
made by crimping female tab terminal 
to end of wires and plugging into op- 





posite ends of male pin in connector 
block. Blocks house up to 300 pins. 
Hand tool and bench-type machines 
are used for crimping. Photograph: 
three positions for terminating device 
are shown in electronic wiring frame. 
At right, connection is being made on 
signal control and audio unit. Coaxial 
cable for video and pulses is connected 
at left. Thomas & Betts Co., Inc., 36 
Butler St., Elizabeth, N. J. 

Circle 592 on Inquiry Card 


See Laboratory and Engineering 
Equipment on page 256 
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PIONEER in WINDERS for over 40 YEARS! 


(thousands of applications) 


GLOBE Armature Equipment 

processes all types of armatures!! 

“FAS-WOUND” or Anchored Loops 

e Insulate the slots e Connect to commutator Armature Insulating Machine 
e Install commutator e Hot-stake connections 

e Wind the armature e Wedge the slots 


Individual machines with Automatic Cycles or, Grouped 
into a full Automation System 


FAST—PRECISE—UNIFORM OUTPUT 


ALSO — Winders of all types —for all duties 


Armature Winding Machine 
e Single or Multiple spindle 


e Bench, Pedestal, or Bed types 


e Automatic, Semi-or Manual 


e Six Basic sizes — full range 
e Turrets and Automations 


Let US help YOU 
Turret Type Winder on Armatures, Stators & Coils Transformer Winder 


The GLOBE TOOL and ENGINEERING Company | 5... =o 


Dayton 24, Ohio 


Circle 269 on Inquiry Card 


aA Se 


MAINTENANCE TIME 


in the NEWLY MINIATURIZED 


REMOVABLE WAFER 
ROTARY SWITCH 


_ No soldering or disassembling. 
No wire removing. 


Any wafer lifts out instantly 
for immediate cleaning or 
replacement. 





Up to 18 XXXP or epoxy rhodium plated 


flushed wafers are available in a 10-position single pole configura- | PYROFILM'S NEW MICRO-MINIATURE 


tion. Series RS-15 can be supplied to meet MIL-3786 or for com- 


mercial applications. Operation is manual, motor or solenoid. 1 ‘10 WATT RESISTOR iS ONLY 


Mfd. under Tabet U. S. Patent No. 2,841,660. Other U. S. and foreign 


“7 a7 
patents pending. Request full details today. IMMEDIATE DELIVERY. O 9 O XxX 1 5 6 
j s . 


Glass envelope @ true hermetic seal 


CHICAGO DYNAMIC Se INC Write for complete details 
PRECISION PRODUCTS DIVISION PYROFILM RESISTOR CO., INC. 
1725 Diversey Bivd., Chicago 14 ' U. S. Highway #46, Parsippany, N. J. 


JUNE 1961 Circle 270 on Inquiry Card Circle 271 on Inquiry Card 








256 





GENERAL INDUSTRIES 


MOOTH 
OWER 


AC MOTORS 


Assure plus performance 
for your products 


GEAR REDUCTION 
MODEL 


Designed for 
low speed, 
high torque 
applications. 
Molded nylon 
gears ina 
sealed 
housing 
insure 
extremely 
quiet running 
plus rugged 
dependability. 


GENERAL SPECIFICATIONS 


sPEED____| 13RPM | 13RPM 
TORQUE 
a) 




















AMPS, No Load 
WATTS, No Load 


REVERSIBLE 
CONDENSER 



















No 

None 
MODEL 308 
Intermittent | Continuous 


|SPEED_ | 13RPM_ | 13 RPM | 


TORQUE 75 in./oz. 
AMPS, No Load 0.4 





























WATTS, No Load 
REVERSIBLE 
CONDENSER 


Above dato based on 24 volts — Intermittent 
Duty 3 minutes on and 5 off. Both models can | 
also be supplied for 115 volts—60 cycles. 















MOTORS FOR ALL 












APPLICATIONS = ee ved A 
1/1800 to 1/35H.P. 6 
or write for copy 


» Quantity Price Quotation 


=e’ On Request 


ae nae 


DEPARTMENT GL *® ELYRIA, OHIO 





it 


Circle 272 on Inquiry Card 


SEMICONDUCTOR TESTER 
ICT-100 
diodes, transistors or rectifiers in or out 


Tester permits checking of 


of circuit. Measures characteristics. de- 





tects shorted, opened or leaky semi- 
conductor devices. Direct-reading dial 
indicates condition of device under test. 
Molecular Electronics, Inc., 85 Wey- 
man Ave.. New Rochelle, N. Y. 

Circle 593 on Inquiry Card 


PRINTED-CIRCUIT KIT 


grid-board kits provide 
all materials required to make proto- 
type printed circuits. Contains copper- 
clad grid boards, resist materials to lay 


“Fotoceram”™ 





out circuit patterns, and etching ma- 
terials to etch away copper beyond 
circuit runs. Circuit on glass ceramic 
substrate can be produced in 15 min. 
Corning Glass Works, Corning, N. Y. 

Circle 594 on Inquiry Card 


TRANSISTORIZED D-C 
VOLTMETER 


Model V-70 covers full range from | 
mv to 999.9 volts d-c. Built-in safety 
circuit protects instrument from input 
over-voltages. Meter accuracy, 0.01 per 
cent. Average balance time, 500 millisec 
and readout time of 750 millisec max. 
Input impedance, 10 megohms at bal- 
ance. Sensitivity, 1 mv. Power input: 
105 to 125 volts, 50 to 60 cps, 25 watts 


‘Laboratory and 
Engineering Equipment 


| 









’ cs © eee cA 
} 3 __ ee 


standby or 3 watts operating. Input 
filter rejection, 40 db at 60 cps, increas- 
ing at higher frequencies. Filter re- 
movable with front-panel switch. 
Weight. 28 lb. Dimensions, 19 in. wide 
x 514 in. high x 14 in. deep. Cubic 
Corp., San Diego 11. 

Circle 595 on Inquiry Card 





DIGITAL PRINTER 


Printing speeds to four lines per sec 
are possible with “Digit-Matic” print- 
ers that receive and record data from 





remote sources. Pulse duration is 35 
millisec at 24, 48 or 150 volts d-c or 
115 volts a-c. Units may be used as 
read-out devices for computers and con- 
verters. Victor Adding Machine Co., 
3900 No. Rockwell St., Chicago 18. 


Circle 596 on Inquiry Card 


NOISE GENERATOR 


Model 301 makes available a random 
voltage source with an ultrastable spec- 
tral density of approximately 4.0 
volts?/cps controlled to +0.1 db from 





0 to 40 cps and a gaussian amplitude 
distribution with an accuracy of better 
than 1 per cent. Primary source of 
noise is xenon-filled thyratron  con- 
nected in a diode configuration and 
operated in a magnetic field. Demodu- 
lation and filtering scheme, employing 
solid-state chopper, develops the de- 
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@ Because Cornish makes 
the most complete line of 
molded components in the 
field. Whatever your partic- 
ular cord-set need, you can 
order a Cornish molded 
component to fit it. @ Be. 
cause Cornish can make 
molded components to 
special order. If Cornish 
doesn’t already have ex- 
actly what you want, you 
can ask Cornish engineers 
to work with you in devel- 
oping special molded 
components of rubber or 
plastic. ® Because all Cor- 
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nish molded components, 
even custom-made, can be 





furnished in various colors 
to meet your specifications. 
Your name or trademark 
may also be molded on the 
plug. @ With all Cornish 
molded components, you 
get the advantages of su- 
perb engineering ability 
and more than 40 years of 
experience applied to the 
solution of your special 
problems. Write us today 
for complete information. 
Cornish WireCo.,Inc., 


I 50 Church St., N.Y. 5 


P 


SPECIFY 


CORNISH 


SCORD SETS 
WITH MOLDED! 
COMPONENTS 








eee 
at 








Ses 


Circle 273 on Inquiry Card 


A AD BASIC CONTROL IDEA | sired stable spectrum. Elgenco,. Inc.. 


CCM me 


he 


1555 144th St., Santa Monica, Calif. 
Circle 597 on Inquiry Card 


SONIC SPECTRUM ANALYZER 


Model LP-la with Auxiliary Unit C-2 
has 2-cps resolution capability for auto- 
matic analysis throughout audio range 
of 5 cps to 22.5 ke. Linear sweep 





SSS es widths of 20 through 5000 cps, ad- 

ms 5 a. | justable with any center frequency 

DESIGN YOUR a id bs ls : | from 0 to 20,000 cps. Amplitude scales 
NEXT MACHINE \ include linear and 40-db logarithmic. 
| ; Dynamic range, 60 db. Panoramic 


OR PROCESS . Radio Products Inc., 520 S. Fulton 
CONTROL CIRCUIT ' Ave., Mount Vernon, N. Y. 





THIS EASY WAY ae ———— Circle 598 on Inquiry Card 
SMALL ENVIRONMENTAL 
THE BULLETIN 780 STEP SWITCH | CHAMBER 


| Yat yt FOR STEP-BY-STEP 


Model HASU-100-3-HC, 3 cu ft, pro- 
SEQUENCE C0 NYROL vides temperatures from —100 to 
wi +500 F to +2 F. Thermal capacity 


CORREO ROE EEE EERE EEE O EEE EEE EE EEE EEE EH EEE EEE EE EEE EEE EHH EEE EEE HEHEHE HEHEHE ES 


INPUT ah 2 BULLETIN 780 om PROGRAMMED 
1 SIGNALS STEP SWITCH == 3 SEQUENCE CONTROL 


Closure of a control device, | Circuits are opened or 
actuated upon completion | closed at each position or 
of an operation, advances | step according to prese- 
control to next position. | lected cam action. 


Loads are interlocked 
thru step switch cams 
without complicated relay 
circuitry. 














' 
—er— STEP MOTOR 


PRESSURE 
SwITCH 


UP TO 16 INPUT SIGNALS 





UP TO 19 10AMP. OUTPUT CIRCUITS 


1200 Btu/hr at —100 F. Altitude, sea 
level to 150,000 ft. Relative humidity, 
20 to 95 per cent between +-35 and 


$0b0eveessesen snoccssnanshatehess Seesshibene esse sees navee sSessereseeRenanensheypassanseanee +200 F. Controls: wet bulb. dry bulb. 
Write for Bulletin 780 or call your local Representative. He's listed 


in Sweet's Product Design File, Section 7d/EA, or in Thomas Register. EAAROURESEE. Weight, about 1800 Ib. 


Cincinnati Sub Zero Products, 3932 
VARA HALL Reading Rd., Cincinnati 29. 

fal ee dp Circle 599 on Inquiry Card 
FREQUENCY-RESPONSE 






Precision Interval Plug-in Reset | Multiple Circuit Multiple Cam ane Honmeticaity CALCULATOR 
Timers imers imers Timers Counters Sealed . f . : 
Timers Pocket-size calculator makes it possible 
MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS AVAILABLE to convert input-output relation of a 
component into the decibels of attenua- 
EAGLE SIGNAL COMPANY @ Moline, Illinois tion or gain occurring at a given fre- 


INDUSTRIAL DIVISION quency, and thus determine point on 
the frequency response characteristic 


DIVISION OF THE GAMEWELL COMPANY, AN E. W. BLISS COMPANY SUBSIDIARY | curve, from which it is possible to 
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now is the time... 


If you are ‘from Missouri’ and have to be shown, we’re 
right in your corner when it comes to service in supplying 
electrical porcelain. Here at STAR service is stressed in 
supplying — 
= A wide range of materials s# Better quality materials 
® Closer tolerances as required # Promised deliveries 

= Customer engineering assistance 


Now is the time to check STAR service for all your electrical 
porcelain needs. Write us today. We will be happy to work 
with you. 


leat: yp. Porcelain Company 
34 MUIRHEAD AVENUE, TRENTON 9, N. J 


Circle 275 on Inquiry Card 


Its our feed-back on 
your Reading Interest 


@ If you are one of the random-selected 
group of readers to receive our current 
Reader Reaction Study forms (either on 
editorial or advertising content), do please 
give them your prompt attention. Your 
answers will be of great help in making 
future issues of this magazine of maximum 
value to you and your colleagues. 





GLASS—Hard, Dense, 
<A Slotted, Ground Threads, 
8-32 x 5/16, 1/2 & 7/8 


Smooth, Concentric, 
Hemispherical 
IN STOCK— Sizes 4, 6, 8 N.F. G N.C. 
4-48 x 7/32, 5/16, 3/8, 7/16 & 1/2 
HARTWOOD GLASS & METALS COMPANY 
P.O. Box 865 Martinsburg, West Virginia 


“GLASS. TIPPED” SET SCREWS 
SCREW—Stainless Steel, 
6-40 x 9/32, 3/8 & 1/2 
Specializing in Glass Coated Metals for Electrical Insulation 


Circle 276 on Inquiry Card 


NEW Series FB enclosed 
Helical gear motor. High 
performance - low noise. 
Available with brake or 
clutch, 


every AY. ..------esssseeee 
Brevel meets 
unusual 
specifications 
for small motor 
applications 


\‘our new appliances get into 
production — and to market — 
faster, at lower cost when 
BREVEL supplies your mo- 
tors. Chances are we have a 
suitable design! ’ 


Series S 
Open Spur 
Gear Motors 


You can rely on BREVEL’s 
experienced specialization to 
design, engineer, and volume- 
produce precision motors that 
give consistently superior serv- 
ice at low cost. 





Series W 

" Open Worm 
Our representatives cover ev- Gear Motor 
ery part of North America 
from local offices. Write, wire, 


phone now . and find out. 


Shaded pole 
motor — use 
alone or as 
backbone for 
geared motor. 


BREVEL 


BREVEL PRODUCTS CORP. 


manufacturers of small motors for the appliance industry 

627 West 26th Street, New York 1 @ WAtkins 4-4737 

CHICAGO: Jerry Golten Co. * 2750 W. North Ave. * EVerglade 4-5959 

LOS ANGELES: Electric Motor Engineering, Inc. + 6515 Sunset Bivd. * Hollywood 9-7393 
TORONTO: Breve! Products, Ltd. * 45 Crockford Bivd. * Scarborough, Ont. * PLymouth 7-5140 
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wie || & 
MU sop 


Hansen SYNCHRON 
being assembled 
into ‘EC’ Local 


Controller unit 


A vital component of 
EAGLE SIGNAL CORPORATION 
Vehicle Supervised Traffic Control Systems 


EAGLE SIGNAL CORPORATION uses Hansen SYNCHRON motors for synchronous 
power to govern signal timing operations in “EC” Traffic Control Systems. Hansen 
SYNCHRON motors regulate amber and pedestrian clearing intervals — and all 
other intervals which remain constant regardless of cycle length . . . and also govern 
the 4 independent traffic splits (time division for vehicular traffic) — as well as any 
interval which is variable according to cycle length. The Hansen SYNCHRON, 
regulating constant intervals, operates on 60-cycle power supply . . . the one govern- 
ing variable intervals responds to variable frequency from the master control unit. 


HANSEN SYNCHRON TIMING MOTORS were chosen by Eagle Signal after careful test- 
ing of several makes of synchronous motors. Due to the size of some timing devices 
and controb units, a small motor with good performance characteristics was needed 
to fit the space limitations. After extensive tests, Hansen SYNCHRON motors were 
specified for: (1) high-quality performance under test; (2) lower cost; (3) long-life 
operation as an integral part of traffic control units. Since adoption, Eagle Signa] has 
never experienced an assembly slowdown or stoppage due to failure on service or 
delivery of Hansen SYNCHRON Timing Motors. 


SEND TODAY for informative folder containing specifications and technical data on 
all Hansen SYNCHRON motors and clock movements. 
HANSEN REPRESENTATIVES: 


THE FROMM COMPANY 
5150 W. Madison, Chicago, Illinois 


H. C. JOHNSON AGENCIES, INC. 
Rochester, N. Y. — Buffalo, N. Y. — Syracuse, N. Y. 


Binghamton, N. Y. — Schenectady, N. Y 
Sweet's Product 
ee: ee ie, Be ELECTRIC MOTOR ENGINEERING, INC. Santon Pie 
Los Angeles, Calif. — (Olive 1-3220) 


MANUFACTURING Oakland, California 


chncint hg ae pe WINSLOW ELECTRIC CO. : 


New York, N.Y. — Essex, Conn. (SOuth 7-8229) 
Philadelphia, Penn. Cleveland, Ohio 


YP) 


PRIN | Lal NDIANA 
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read ratio of input vs output. Price. 

$1.00. Hagan Chemicals & Controls. 

Inc., Hagan Center, Pittsburgh 20. 
Circle 600 on Inquiry Card 


PORTABLE POWER SUPPLY 


Model 4372 power supply offers dial 
selection of desired output voltages 
from 0 to 125 volts d-c or 0 to 140 
volts a-c at 2.5 or 3.0 amp, respectively. 


yy 





Bridge rectifier is overload-protected 
against burnout. Maximum ripple is 
0.075 volts at full load. Features front 
panel a-c outlet receptacle; measures 
5 x 5 x 7% in; weighs 71% lb. Eder 
Engineering Co., Inc., 1568 So. First 
St., Milwaukee 4, Wis. 

Circle 601 on Inquiry Card 


MICROWAVE POWER METER 


Model 451 power meter operates with 
100- and 200-ohm positive or negative 
temperature-coefficient bolometers. Five 
scale ranges with full-scale readings of 
0.1, 0.3, 1.0, 3.0 and 10 mw are pro- 
vided. Corresponding decibel scales 
are —10, —5, 0, +5 and +10 db. 
Frequency range is dependent on ex- 
ternal detector. Bias current is 16 ma; 
input power is 115 or 230 volts from 
50 to 1000 cps. General Microwave 
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SPECTROL SOLVES EQUATIONS LIKE THIS... 


=ATAN . B Kc +0.2[¢+p-=* 


to design non-linear 
potentiometers 
-—faster, more accurately 


The above equation is the mathematical 

expression for the non-linear function 

required of a precision pot to relate 

voltage ratio £2. to potentiometer shaft 
' position ®. 


This is a typical non-linear problem applied to Spec- 
trol’s new IBM 1620 digital computer... equipment 
which eliminates days of design time, provides error- 
free results and makes it possible for Spectrol to issue 
quotations a day or two after receiving your request. 
For the past three years Spectrol—and only Spectrol— 
has used this technique. 


Basically, it works this way: Computer input data is 
in the form of programmed equations or tabulated X 
and Y coordinates. Previously programmed tapes with 
general equations for non-linear applications (on file 
at Spectrol) operate on the data, to compute output 
in terms of winding equipment settings, cam angles 


AM  FPN-3,01,10 
TF *+18,KOUNTS 
TFM 70,10 

8 NEGK 


03366 
03378 
03390 
03402 
03414 
03426 
03438 
03450 
03462 
, 03474 
KOUNT5,01,10 03486 
03498 
03510 
03522 
03534 
03546 
03558 
035790 
03582 
03594 
03606 
03618 
03630 
03642 
03654 11 
03666 14 
03678 47 
03690 14 


AM  KOUNTL,02,10 
TF  *+18,KOUNTS 
»70,10 
*+30,KOUNTS 
*+23 ,KOUNTS 


KOUNTS ,FPN,7 
EQUALK 

#924, FPN 
DECK+21,2,10 


FPN-8,02,10 
KOUNT4, 99 
#418 KOUNTS 


KOUNT4 ,OECK,7 


and radii. An electric typewriter prints out this infor- 
mation on a form such as that shown above, which 
is sent directly to production, eliminating delays and 
potential transcription errors. 


Speaking of production, Spectrol has precision equip- 
ment for winding non-linear resistance elements at 
its plants in New York and Toronto to supplement its 
California facilities. Using the computer in California, 
Spectrol can TWX winding instructions to either plant 
... another reason you can expect results sooner. 


One more thought: Call us if you’re in a bind. Letters 
take time. 


To assist engineers who have applications for non- 
linear pots, Spectrol has prepared a detailed speci- 
fications brochure. For your copy, contact your 
Spectrol engineering representative or the factory. 


ELECTRONICS CORPORATION 
1704 South Del Mar Ave. * San Gabriel, Calif. * ATlantic 7-9761 
Adams Court «+ Plainview, L.!., New York « WElls 8-4000 


TORONTO, ONTARIO, CANADA 


Circle 279 on Inquiry Card 
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03129 00081 
03396 03952 
00000 00070 
03318 00000 
03952 000062 
03444 03952 
00000 00070 
03480 03952 
03485 03957 
00000 00000 
03957 00051 
03957 03137 
03414 01100 
03546 03137 
03876 00002 
00000 90000 
03129 00002 
03952 00099 
03600 03952 
00000 00070 
03636 03952 
03641 03957 
00000 00000 
03952 00062 
03957 00001 
03957 03137 
03774 01100 
03952 03855 








new space-saving 


transformers 


50 OR 60 CYCLES 
IN 15 DIFFERENT 
KVA RATINGS 

FROM .050 TO 10 


new dry-type 
control transformer 
is lower in cost, uses 
less panel space, 


provides good regulation 






-500 KVA 
SXO TRANSFORMER 


Designed for long operational life under tough con- 


ditions, this new line of 


SXO Transformers from 


Hevi-Duty gives good regulation at low cost. Coils are 
precision-wound and rigidly blocked. Preformed coil 


bases and heavy insulating 


channels between core and 


coil help provide for high insulation levels. For easy 
installation, wiring diagrams are on the nameplate, 
mounting feet are slotted, screw-type terminals are 
used. For further information see your Hevi-Duty rep- 
resentative or write to the address below for Bulletin 700. 


HEVI-DUTY. 


Hevi-Duty 
Electric Company, 
Watertown, Wis. 


BP A Division of 


— Basic Products 
Constant Current Regulators Corporation 


Circle 280 on sa yusry Card 


Dry-Type Transformers 


WISCONSIN PORCELAIN CO. has the 





facilities to meet your production needs 
for ceramic parts...in any quantity 


FACILITIES. Whether you require a few 
hundred or several million ceramic parts 
Wisconsin Porcelain has the right size and 
type of equipment, in an all-modern plant, 
equipped with the most modern tempera- 
ture controls to insure the utmost accuracy 
in holding dimensions. 


AROUND -THE-CLOCK- OPERATION. Uninter- 
rupted operation of our plant—24 hours 
a day, 7 days a week, 52 weeks a year for 
over 40 years has helped establish a 
reputation for prompt service and on-time 
deliveries. 


262 Circle 281 on 


MODERN METHODS. Highly developed 
manufacturing processes make it possible 
to obtain a high degree of accuracy on 
porcelain, refractory, steatite and filter 
parts. Thus, ceramics from Wisconsin Por- 
celain fit easily and accurately into place— 
increasing your production efficiency. 


Send us a sample or blueprint and tell 
us your requirements. We will be glad to 
quote prices and delivery. 


WISCONSIN PORCELAIN CO. 
1S Market St., Sun Prairie, Wis 
In the Chicago Industrial Area. 


Inquiry Card 





Corp., 47 Gazza Blvd., Farmingdale, 
N.Y. 

Circle 602 on Inquiry Card 
VOLTAGE-REGULATED 
POWER SUPPLIES 


Models SM 14-30M, SM 14-15M and 
SM 14-7M provide 0 to 14 volts d-c with 
regulation and stability of 0.1 per cent 





at 30, 15 and 7 amp, respectively. Con- 
tinuously variable output voltage. In- 
herent overload protection. Dimensions: 
19 in. high x 13% in. deep x 834, 514 
and 31% in. high for 30M, 15M and 7M, 
respectively. Kepco Inc., 131-38 San- 
ford Ave., Flushing 55, N. Y. 

Circle 603 on Inquiry Card 


POCKET CALCULATOR 

Type 2 calculating machine, 2%¢ in. 
diam x 3% in., has capacity of 11 digits 
on keyboard, eight digits on indicator 
dial and 15 digits (corresponding to 


Te 





999 trillion) in answer dial. Weight 
12 oz. Speeds multiplication, division, 
addition, subtraction and multiple op- 
erations involving cubes, roots, percen- 
tiles and trigonometric functions. Curta 
Co., 144435 Cohasset St., Van Nuys, 
Calif. 

Circle 604 on Inquiry Card 
DEVIATION VOLTMETER 


Model 1000 measures d-c voltages to 
+1010 volts with accuracy of +0.1 per 
cent, +0.1 volt. Circuit floating relative 
to ground. Input impedance greater 
than 100 megohm over full range. Pro- 
tected against overloads. Features 
standard-cell referenced voltage, ad- 
justable over full range, with deviation 
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WW. BIN IAAL 


SPECIALISTS IN ELECTRIC 













1/100 to 60 HP 


TOP NAME BRANDS 


4000 Items in Stock 


PROMPT DELIVERY. Warehouses 
and sales offices coast-to-coast (see list 
below.) All fully stocked for pick-ups or 
24-hour shipping service. 


SALESMEN at each office available for 
help and guidance. 


WHOLESALE ONLY. Free net price 
catalog sent only when requested on 
letterhead. No consumer requests hon- 
ored. O.E.M. prices for quantity buyers. 


212 PAGE CATALOG and buying 
guide. Includes detailed descriptions 
on over 4000 items. Lots of tech- 
nieal and application data. Request 
your free copy. 


68 GRAINGER R_ WAREHOUSES 
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ALABAMA NEBRASKA 

BIRMINGHAM 4e 701-6th Ave. N. OMAHA 2¢ 1516 Webster St. 
ARIZONA NEW JERSEY 

PHOENIX @ 1022 N. 21st Ave. NEWARK 2¢355 Mulberry St. 
ARKANSAS NEW YORK 

LITTLE ROCK e 1805 Scott St. ALBANY 6220 Colvin Ave. 
CALIFORNIA BUFFALO 4105 Ash St. 

FRESNO 2e 101 Van Ness Ave. NEW YORK 130533 Canal St. 


LOS ANGELES 33¢ 1401 E. 3rd St. 

OAKLAND 7 2200 Adeline St. 

SAN DIEGO 10144 W, Market St. NORTH CAROLINA 

SAN FRANCISCO 10519 Potrero Ave. CHARLOTTE 301216 S. Mint St. 
COLORADO OHIO 

DENVER 4¢695 Bryant St. CINCINNATI 62400 May St. 
CONNECTICUT CLEVELAND 142150 Hamilton Ave. 

WEST HARTFORD e 201 Dexter Ave. COLUMBUS 15¢ 400 E. Livingston Ave. 
DISTRICT OF COL. DAYTON 2¢222 Washington St. 

WASHINGTON 18 1860 Adams, N.E. TOLEDO 2520 Southard St. 
FLORIDA YOUNGSTOWN 2¢ 16 Pyatt St. 

JACKSONVILLE 6035 W. 12th St. OKLAHOMA 

MIAMI 37 2727 N.W. 2nd Ave. OKLAHOMA CITY 2¢316 E. Grand Ave. 

TAMPA 6e 1509 Cypress St. TULSA 19¢1738 S. Boston Ave. 


ROCHESTER 4¢e 42 Scio St. 
SYRACUSE 6¢ Tarbell Rd. 


GEORGIA OREGON 
ATLANTA 16¢ 1046 Memorial Dr., S.E. PORTLAND 17¢ 2410 N. Mississippi 
ILLINOIS PENNSYLVANIA 


CHICAGO 12¢2330 W. Adams St. 

MELROSE PK. e 1660 N. Mannheim Rd. 
INDIANA 

INDIANAPOLIS 2¢ 1714 E, Riverside 

SOUTH BEND 181133 So. Main St. 
IOWA 

DAVENPORT e 1215 E. River St. 

DES MOINES 14°66 Washington Ave. 


ALLENTOWN e 723 E. Green St. 

PHILADELPHIA 43215 Spring Garden 

PITTSBURGH 13812 Penn Ave. 
RHODE ISLAND 

PROVIDENCE 5236 Georgia Ave. 
TENNESSEE 

KNOXVILLE 17 ©3528 Broadway N.E. 

MEMPHIS 3339 So. Front St. 


KANSAS NASHVILLE 4¢ 210-17th Ave. N. 
WICHITA 51201 N. Mosley St. TEXAS 

KENTUCKY DALLAS 10¢ 2425 Ferris St. 
LOUISVILLE 3¢ 120 S. 12th St. EL PASO e 1100 E. Missouri St. 

LOUISIANA FT. WORTH 301119 W. 5th St. 


NEW ORLEANS 25 4513 Eve St. 
SHREVEPORT e 2031 Texas Ave. 


HOUSTON 14¢ 1409 St. Emanuel St. 
SAN ANTONIO 2¢606 E. Crockett St. 


MARYLAND UTAH 

BALTIMORE 30800 S. Hanover St. SALT LAKE CITY 16¢527 No. 3rd W. 
MASSACHUSETTS VIRGINIA 

BOSTON 36¢864 Lincoln St. NORFOLK 8835 W. 44th St. 
MICHIGAN RICHMOND 20¢ 1427 W. Cary St. 


DETROIT 3¢1701 E. Mc Nichols Rd. 


; WASHINGTON 
GRAND RAPIDS 3¢545 Grandville S.W. 


SEATTLE 4¢ 1001-9th Ave. S. 


MINNESOTA SPOKANE 1¢ W. 22 Main Ave. 
MINNEAPOLIS 4¢ 1818-4th St. S. WEST VIRGINIA 
MISSOURI CHARLESTON e 1037 Central Ave. 


KANSAS CITY 8 1629 Broadway 


WISCONSIN 
ST. LOUIS 3¢2110 Pine St. 


MILWAUKEE 4¢ 136 E. Walker St. 


W.W.LJRAINGER.INC. 


Dept. 219-B, GENERAL OFFICES, CHICAGO 12 
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A FULL LINE OF ESSEX “STANDARD? 
APPLIANCE WIRE and CABLE 


engineered to your 


“special” 


















| blend with todays’ 


| ULL. and C.S.A. approved. 


applications 
Na) 


(A) THERMOPLASTIC Plastics used for this 
group cover 80°C, 90°C and 105°C tem- 
perature ratings. U.L. approval on all items. 
C.S.A. on 90°C and 105°C except on sizes 
No. | AWG and larger. 


(B) RUBBER AND BRAID Essex P-300® 
is a 75°C rubber insulated, cotton braided, 
lacquered wire, both U.L. and C.S.A. approved, 
most commonly used with the usual baking 
cycles for motors, coils, transformers. 


(C) NEOPRENE Essex N-900 is a 90°C neo- 
prene insulated lead wire available with color 
coated sirface for easier identification. U.L. 
approved. 


(D) SILICONE Essex Sil-X® has a silicone 
rubber insulation, a glass braid, and lacquer 
finish. U.L. approved for both 150°C and 
200°C ratings, dependent on application and 
conductor stranding. Available with C.S.A. 


a7 Nome ala 


» approval on special order. 






REFRIGERATION AIR feofel Tb iLeyy) 
ING APPLIANCE WIRING MATERIAL 


Nes 


| (A) THERMOPLASTIC Oil ond flame resist- 


ant; has high dielectric and mechanical strength; 
strips easily; colors are bright and permanent. 
Produced in several temperature ratings. U.L. 
and C.S.A. approved and is available with 
moisture resistant approval. 


(B) NEOPRENE Provides high resistance to 
oil, grease and alkalies. Particularly suitable 
for industrial uses. 


(C) RUBBER The 60°C and 75°C rubber 
insulation applied over tinned copper conduc- 
tor is excellent and economical for internal 
wiring where no extra protection against oil 
and higher temperature is. necessary. U.L. and 


_ C.S.A. approved. 


SS FLEXIBLE CORDS 


(A) RUBBER Types S, SJ and SV portable 
and supply cords. Smooth flexible, tough and 
abrasive resistant, will provide years of trouble 
free operation. 


(B) NEOPRENE Neoprene cords are iden- 
tified by U.L. as types SO and SJO. Provide 
high resistance to oil, grease and alkalies, It is 


particularly suitable for industrial uses. 


(C) THERMOPLASTIC ST, SJT and SVT 
thermoplastic insulated and iacketed cords are 
not affected by oils and greases and are highly 
resistant to alcohols, acids and most chemical 
solvents, 


$% POWER SUPPLY CORDS 


Ree 


: : A parallel 60°C, U.L. and C.S.A. approved 
» polyvinyl insulated power supply cord that can 


be produced in numerous attractive colors to 
appliance color schemes. 
The center or ground conductor is a separately 
insulated wire with '4,” insulation thickness. 


$% HERMETIC LEAD WIRE 


_ Now available with Dacron-Mylar-Dacron in- 









i 
2 


© sulation for higher dielectric strength, smaller 


diameter with less bulk, easier stripping. 


ring complete appliance wire and cable line. 
‘ement by UL style no. reference. 


Wire Corporation 


INDUSTRIAL- APPLIANCE 
Sycamore, 
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WIRE PRODUCTS 


Illinois 
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.., another 
NEW product 













NOW AVAILABLE —- 
540 Ib-in. Torque 
Miniature Clutch 
Model 5.5 
Style SMR * 
(Shown 2 Size) 


Pl 


*Style SMR 
signifies 
Stationary 
Magnet Body, 
Rotor—Ball 
bearing mounted. 
















MORE TORQUE PER POUND... 
; MORE TORQUE PER CUBIC INCH... 
weighs 24%, —63% LESS, occupies 19%—64% LESS cubic area, 


than other standard clutches of similar torque rating ! 


DIAMETER 
5%" 














240 Ib-in. 























a ee 
e For applications requiring high torque, high running speed, mini- 
mum size and weight. ¢ Ball bearing mounted rotor, and stationary 
magnet body eliminate alignment problems — speed installations. 
e Can be supplied: 1. For 6, 12, 28, 90, 115 VDCW — class “A” 
through class “‘H” insulation. 2. With integral sprockets or sheaves. 
3. To meet military specifications. 4. In split and thru-shaft ar- 
rangements. 5. In any combination of the above. 6. As magnetically 
set brakes, and as clutch-brake combinations. 

e Installation- Proved — for Assured Matched-to-the- Machine Per- 
formance and Long Life. Request 

120 NORTH BROADWAY © MILWAUKEE 2, WISCONSIN 

The Complete Line of Electromagnetic Civiches — Brakes — Clutch-Brekes 


complete Clutch Data File 61C. 
SINCE 1917-THE CHOICE OF LEADING MOTOR AND MACHINERY MANUFACTURERS 
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ERIE vel O/R\P cela olA 


indicated on either 10- or 100-volt scale. 
Dimensions, 91% in. high x 8 in. wide x 
12 in. deep. Industrial Measurements 
Corp., 250 No. Thomas, Pomona, Calif. 


Circle 605 on Inquiry Card 


LOW-FREQUENCY 
SWEEPING OSCILLATORS 


“Sona-Sweep Model M” provides stable, 
accurate markers and a clear, easily 
interpreted response envelope at audio 
frequencies. Center-frequency range: 





20 cps to 200 ke. Sweep widths: 20 cps 
to 2 ke and 200 cps to 20 ke. Sweep 
output and repetition rates: low-im- 
pedence output, about 5 volts peak-to- 
peak; fixed at 30 cps in line-lock mode; 
variable 0.2 to 25 cps for logarithmic 
sweep; or continuously variable lin- 
ear ranges 0.2 to 1, 1 to 5, and 5 to 25 
cps. Output level: 5 volts rms into 600 
ohms. Dimensions: 191% in. x 16 in. x 
11 in. Kay Electric Co., Pine Brook, 
ed. 

Circle 606 on Inquiry Card 


VIDEO-CRYSTAL TEST SET 


Type 393 test set uses d-c technique to 
measure tangential sensitivity of video 
crystals. Operator familiarity with 
microwave measurements is not neces- 





sary. Portable and battery operated for 
field and laboratory operation. Also 
used to select matched crystals. Air- 
borne Instruments Laboratory, Deer 
Park, 1. 1... 
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See Product Index for this issue 
on page 266 


ELECTRO-TECHNOLOGY 





oo a ALLIANC i> 


2. ( whan ; 1. New Synduction Motor—A low cost syn- 
[i ae . chronous motor! Has hysteresis features at 
shaded pole price. Constant speed for phono- 
graphs, tape recorders, chart drives, timing 
devices, etc. 


2. “L" Motor—Shaded pole motor for type 
writers, business machines, etc. 


3. “H” Motor—High starting torque, compact 
OCR Ce ee EL 


4, “JSG" Gearmotor—For rotisseries, vend 
ing machines, remote controls, etc. 


5. “JS" Motor—Proven dependability! For 
fans, heaters, pumps, ‘recorders and many 
UTE 


For the industryS most complete line of Sub-Fractional HP Motors 


Alliance, world’s largest producer of sub-frac- Farting 
tional HP motors, offers the widest choice of standard ____Mede!__| Voltage | Oz./In. | Amps | Watts | RPM pee i 
and custom models, faster service, more for your money. Synduction| 117 | 1.0 | 27 | 18 | 3600 | 1 Lb. 14 Oz.” 
Used in leading makes of phonographs, tape recorders, L 17 165 | 12 | 7 $250 | 4Lbs. 
appliances, business machines, animated displays and H . W740 | 31) re i Lb. 6 Oz. 


other products—all can be customized to your own JSG } "7 1 | 40 | 25 | 12-14 1 Lb. 7 Oz. 
specifications. i ee oT | S| ew 1 Lb. 13 Oz. 


Write for complete catalog—price quotations upon request AT, IANC =e 
Se ee ae MOTORS 
Circle 285 on Inquiry Card 
/ Nom.|Amp/ | 


-V [Ohms | Watts 


— 


a, 


i 


Coto-Colls ment. 


COTO-COIL CO., INC., 63 Pavilion Avenue, Providence 5, R. }. 
Circle 286 on Inquiry Card 


iad 
= Stops Leases - s ‘ ati a = 


, , i = 8-oz. can fitted with = 
dial: ela D»Yay Bakelite cap holding 


soft-hair brush for = 


ee = a * 
Templates plying right at benc | 
metal surface ready for = | in 
= ‘ j layout in a few minutes. = 

h —J@ | The dark blue background = 

S , makes the scribed lines & 


show up in sharp relief, = Built to your Drawings and Specifications 


Reresses efficiency and im | SEND US YOUR INQUIRIES 


accuracy. & 


Write for somple 

on company letterhead 
THE DYKEM COMPANY & 
F North 11th St. « St. Lovis 6, Mo. 


——— 2725 CORY AVE., AKRON 14, OHIO 
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PRODUCT INDEX 


SVN TKGHIE'S) 


for all commercial, industrial, 
and military applications. 





Components, parts and materials described in this issue’s 
editorial and advertising pages. 
Key: page number only indicates advertisement; letter 
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SUBMINIATURE SWITCHES 


Specially ganged to meet 
any of your requirements 
including MIL 
Specifications. 







2% 





LOW-COST SWITCHES 


Double-pole double-throw 
snap action, sealed, 
quickconnect 

terminals. 





METAL-CASED SWITCHES 


Heavy-duty types, limit, 
safety, immersion 

proof, sealed, 
double break. 





UNIMAX makes many more styles of 
snap-acting precision switches including spe- 
cial designs to suit your circuit and installation 
requirements. 


Ask for catalog — be sure to specify kind 
of switches and possible application. 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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‘‘e’’ with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL / ELECTRONIC 


Batteries—84e 
Brakes—143 


Capacitors—58, 137, 180e, 19le, 
194e, 200, 204e, 269 


Clutches—143, 20G6e, 264 


Contact devices 
Brushes and brush bolders— 
155, 219, 236 


Contacts and contact points 
135e, 199, 236 
Control systems—172e, 180e, 236e 


Cooling equipment—2 30e 


Counters—136e, 252e, 258 


Electron tubes 
Cathode ray—214e 
Glow lamps—166 
Memory—174e 
Power—172e, 182e, 190e 
Filters—228e, 232e 
Heating elements—217e, 219 


Lights, indicator—57, 180, 220e, 
222e, 227, 240e, 241 

Magnetic amplifiers—254e 

Magnetic components 


Coils and windings—172e, 223, 
265 


Cores—4}3, 49, 210, 213 
Laminations—207, 239 
Permanent magnets—195 


Meters, panel—41, 179e, 191 


Microwave devices—194e, 200e, 
242e 


Ovens—220e 
Potentiometers—36, 202e, 261 
Printed circuits—174, 220e 


Protective devices 
Fuses—181 


Thermal—184, 202, 


nN 
_ 
nN 


Relays 
General purpose—179e, 200e, 
797 


Industrial—22, 37, 46, 227, 23Ge 
Mercury—40, 186, 241 
Miniature—218e, 254 


Special—185e, 186, 206e, 230e, 
232e, 246 


Time delay—48, 167, 220 


Resistors—145, 157, 172e, 175, 
190, 222, 226, 226e, 234e, 246e, 
252, 255 


Semiconductor devices 
Controlled rectifier—Inside front 
cover 
Photocells—248e 


Rectifiers and diodes—3}3, 216, 
243, 244e, 248e, 268 


Thermistors—172e 
Thermoelectric—232e 


Transistors—15, 38, 141, 184e, 
189, 19le, 193, 235 


Varistors—251 


Servo components—4, 184e, 20G6e, 
212e 


Solenoids—159 
Static switching elements—220 


Switches 
Acceleration—185e 
Controllers and contactors—54, 
185e, 212 
Limit—25, 180e, 209, 218e, 266 


Pushbutton—57, 171, 180e, 180, 
220e, 232, 266 


Rotary—182e, 227, 244e, 255 


Slide—238 


Snap action—50, 192e, 205, 
232, 266 


Special—188e, 205, 232 


Toggle—180e, 199e, 205, 236e, 
266 


Timers—10, 250e, 252e, 258 


Transducers 
Linear displacement—199e, 
228e, 238e 
Strain gages—190e, 238e 


Thermostats—Back cover, 238e, 
240e 


Thermocouples—228 
Transformers—G/7e, 148, 174e, 262 
Valves, solenoid—174e, 185e, 210e 


Wire and cable—210 
Hookup—263 
Magnet—9, 27, 151, 158, 173, 
225 


Power—263 


Wiring devices 
Cable clamps and clips—234e 


Connectors—Inside back cover, 
53, 179e, 194e, 212e, 254e 


Cord grips—202e 

Cord sets—222e, 248, 257 

Lamp sockets—210e 

Terminals—192e 

Terminal blocks—Inside back 
cover, 156 


COMPONENTS, 
MECHANICAL / STRUCTURAL 


Bearings—1, 55, 185e, 233, 247 
Couplings—185e 


Fasteners 
Bolts and nuts—194, 234e 
Quick-operating—206e 
Screws—194, 202e, 259 


Gears—179, 180e, 184e, 237, 


240e, 24G6e 


Housings and enclosures—42, 180, 
194e, 200e, 214e, 228e 


Knobs, handles—230e 
Mounting hardware—172e 
Pulleys—185e, 212e 
Shock mounts—180e 
Springs—250 


Washers—231 


ELECTRO-TECHNOLOGY 


PRODUCT INDEX 


best 






















Components, parts and materials described in this issue’s 
editorial and advertising pages. 


Key: page number only indicates advertisement; letter 
‘“‘e’? with page number indicates editorial mention. 


COMPUTERS AND Silicones—34, 179e, 192e 
COMPUTING COMPONENTS Wire and cable—(see: Compo- 


nents, Electrical/Electronic) 


PRODUCTION 
WIRE STRIPPERS 


Meet More Needs — 


172e, 186e, 188e, 192e, 210e, 270 


MATERIALS, 
MECHANICAL / STRUCTURAL 


Adhesives—192e 


DRAFTING MATERIALS AND 
EQUIPMENT 


Reproduction machines—31 


Solve More Problems 


Fabricated parts— (see; Services) 





Metal forms 


DRIVES Tape—192e, 217 IDEAL Production Strippers are generally 

Electrical—119e, 182e, 186e, 218, Tubing—217 known as “the fastest on the market.” What- 

244e Metals ever your needs, even if you don’t consider 

Mechanical Alloys, general—217 them problems, an IDEAL Stripper will give 

Constant speed—204 Aaniawn—216 you better work, faster and cheaper! Below 

Variable speed—185e, 218e Copper, brass, bronze—51, 198, is solid evidence — a condensed list of wire 
217 


stripping needs that IDEAL Strippers are 
called upon to fill every day: 


R, RF, CF, AF, Radio Hook-Up, Lead-In 
Wires, etc., up to 7/16” in diameter .. . 
Any cotton, silk, synthetic (plastic) insula- 
tion or rubber coverings from fine stranded 
or solid conductors up to 7/16” in diameter 


Tantalum—129e 
INSTRUMENTS AND TEST 


Protective coatings 
EQUIPMENT Chemical—23, 185e 


Amplifiers—179e, 185e, 199e, 
212e, 222e 


MOTORS AND GENERATORS | 





Calculators—206, 262e 
Fractional-hp motors—139, 163, 


Rarieetinete chambers—138e, 169, 172e, 197, 214, 229, 240, . . . Plus most types of Film Insulated Wire 

” y 9 9 

252e, 259, 263, 265 (AWG #50 to AWG #0) as close as 

Generators, electronic—179e, 256e, Gearmotors—156, 163, 186, 214. 1” from the body of the winding or coil 
264¢ 226e, 247, 256, 259 form 





Meters—153, 172e, 179e, 223, 


7yenera — ” Ge 
256e, 260¢, 262e Generators—204e, 226¢e 


Shown are just two widely used models. Six 


Integral-hp motors—I172e, 203, other models and types are also available for 


Oscilloscopes—179e 240. 253, 263 | + ne ae 
i a a Ta | any degree of specialized stripping you need, 
179e tBde 186e, 19le. 192e,  Precision—180e, 182e, 190, 246e | We'll be glad to “prescribe” — see below. 
214e, 242e, 260¢e, 262e Special—163, 169, 214, 237, 252e, 
95¢ 
Recorders—174e, 184e, 211, 215 259 cp Se 
: 7 4 ) NE FVPE 
. s : A Synchronous motors—217e, 248e, | 
Shock and vibration— 1 38e 260 | 


Special test equipment—146e, 154, 
172e, 182e, 184e, 19le, 221, 
236e, 237, 250e, 25Ge, 258e, PRODUCTION EQUIPMENT, 


264e TOOLS 
Tachometers—172e, 188 Coil winding—255 


Lacing tape—218 














MATERIALS, , cs 
ELECTRICAL / ELECTRONIC Layout fluid—265 . ras 
oe materials—51, 198, ae oer 7 J > come ene ee 
rd Printed-circuit layout machine Wire size AWG #50 to #25. 
Contact materials—236 os For cages gap production | REPLACEMENT WHEELS: 
Processing equipment—182, 247 stripping of most types of IDEAL offers top quality at 


Insulation and dielectrics 


Fabricated parts—(see: Services) Welding equipment—170 single conductors, solid or 


: , less cost per pair than the 
stranded wire up to a maxi- 


average of other good quality 














Fabrics—47, 250€ Wire strippers—267 | mum of 3/8” outside diameter. | wheels. 
Fiber—39, 184e 
Films—198 SERVICES, MATERIALS AND 
: ‘ ; COMPONENT FABRICATION FREE CONSULTING SERVICE 
Laminates—147, 182e, 84e, | 
201, 220e, 230, 240e Ceramics fabrication—182e, 183, — SEND US SAMPLES OF YOUR WIRE 


251, 259, 262, 265 We'll put your wire samples through our Test Laboratory and 
return them to you with a written report, showing you our 
findings as to the best type and model IDEAL Stripper to meet 


your needs most exactly. Send us your samples now. 


Molding compounds—56, 172e, 
174e, 185e, 244e, 249 Coil winding—223 


Paper—2, 241 Metal fabrication—29, 247 


Pressboard—223 


Tape—123e, 168, 180e, 240, SERVICES, MISCELLANEOUS 
245 Sold through America's Leading Distributors 


oa ba Books—244 In Canada: Irving Smith, Ltd. Montreal 
ubing- 72e eiteaies ‘ 
Testing laboratories—185e 
Mdansetic epineniote IDEAL INDUSTRIES, Inc, 
Electrical steel—239 Transportation—28 1008-F Park Avenue, Sycamore, IIlinois 
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Packaging 
Versatility 


in Value-engineered Epoxy 
Encapsulated Silicon Diodes 


When your design requirements 
are for multiple diodes in one 
high-quality package, we’ve got 
the best answer. Example shown 
— V4" x Ya" x 2.75” — is a full- 
wave bridge containing 4, 1000- 
PIV sections. The unit is also 
basic to the 3-@ voltage doubler. 
The economy of such packaging 
is readily seen. 


CONTROLS COMPANY 
4 OF AMERICA 


ELECTRON 





811 West Broadway Road 
P.O. Box U, Tempe, Arizona 
Write for catalog sheets and 
quotations on our full line of 
epoxy encapsulated devices. 
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Electro-Technology 


Formerly Electrical Manufacturing 


205 East 42 Street, New York 17, N. Y. Telephone: MU 9-3250 


BUSINESS STAFF 


ROBERT G. DRAKE, Sales Manager 
AL ROSE, Sales Promotion Manager 


ZONIA M. DOBRIAN, Advertising Service Mgr. 


CHICAGO, 737 No. Michigan Ave. 

John T. Dix, Director of Midwest Operations 
David Jealous, Regional Sales Mgr. 

Charles P. Gass 


LOS ANGELES, 864 South Robertson Blvd. 
John C, Clemens 


NEW ENGLAND, Ridgefield, Conn. 
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For information on any of the products or services advertised in this issue, use the con- 
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A. P. M. Corp. 194 
Acme-Newport Steel Co., A Sub. of Acme 
Steel % 239 


Air Express Div. of R.E.A. Express 28 


Akron Porcelain Co. 265 
Allen-Bradley Co. 175, 176 
Alliance Manufacturing Co., Inc., The 
(Sub. of Consolidated Electronics In- 
dustries Corp.) 265 
Allied Chemical, Plastics Div. 249 


Allied Research Products, Inc. 23 


American Machine & Foundry Co. 180 
American Stock Gear Div., Perfection 

Gear Co. 247 
Amphenol Connector Div., Amphenol- 

Borg Electronics Corp. 52, 53 
Amplex Div., Chrysler Corp. 247 
Anaconda American Brass Co. 51 
Anaconda Wire & Cable Co. 224, 225 
Arnold Engineering Co., The 49 
Arrow-Hart & Hegeman Electric Co., The 

184, 185 
Assembly Products, Inc. 154 
Associated Research Inc. 237 
Automatic Electric, Sub. of General Tele- 

phone & Electronics 40 
Barber-Colman Co. 214 
Beaver Gear Works Inc. 237 
Belden Manufacturing Co. 8, 9 
Bell Inc., F. W. 223 
Bell Telephone Laboratories 5 
Blue M Electric Co. 182 
Bodine Electric Co. 162, 163 
Bourns, Inc., Trimper Div. 145 
Brevel Products Corp. 259 
Bristol Motors Div. of Vocaline Co. of 

America, Inc. 237 
Brush Instruments Div. of Clevite Corp. 215 
Buchanan Electrical Products Corp. 156 


Burndy Corp., Omaton Div. Inside Back Cover 
Bussmann Mfg. Div., McGraw-Edison Co. 181 


Carborundum Co., The 251 
Carpenter Steel Co., The 207 
Century Electric Co. 203 
W. M. Chace Co. 242 


Chemical Corp., The 16 
Chicago Dynamic Industries, Inc., Preci- 


sion Products Div. 255 
Circle F Mfg. Co. 238 
Clare & Co., C. P. 241 
Connecticut Hard Rubber Co. 240 
Continental-Diamond Fibre Corp., A Sub. 

of The Budd Co. 201 


Controls Co. of America 
Control Switch Div. 57 


Electron Div. 268 
Corning Glass Works 183 
Cornish Wire Co., Inc. 257 





Coto-Coil Co., Inc. 265 
Cottrell Paper Co., Inc. 241 
Cramer Controls Corp., Electromechanical 
iv. 

Crouse-Hinds 42 
Cutler-Hammer, Inc. 208, 209 
Dano Electric Co., The 223 
Daven Co., The 227 
Daystrom, Incorporated, Weston Instru- 

ments Div. care 
Delco Radio Div. of General Motors 38 
Dow Corning Corp. 34, 35 
Du Pont Co., Film Dept. 198 
Dykem Co., The 265 
Dynaco Mechanisms, Sub. of Dynamic 

Gear Co., Inc. 179 
Dytronics Inc., A Sub. of Taylor Fibre 

Co. 74 
Eagle Signal Co., Industrial Div. 258 
Eaton Manufacturing Co., Dynamatic Div. 143 
Edison Industries, Thomas A., Instrument 

Div. 167 
Elastic Stop Nut Corp. of America, E‘iza- 

beth Div. 220 
Electric Autolite Co., The, Industrial In- 

strument Div. 221 
Emerson Electric of St. Louis 229 
Essex Wire Corp., 

Industrial-Appliance Wire Products 263 

Magnet Wire Div. 151 
Eyelet Tool Co., Inc. 247 
Fairchild Semiconductor Corp. 193 
Friden, Inc. 206 
Furnas Electric Co. 212 
General Dynamics/Electronics 174 
General Electric Co.., 

Apparatus Sales Div. 54, 196, 197 

Miniature Lamp Dept. 166 

Rectifier Components Dept. 32, 33 
General Fittings Co. 219 
General Industries Co., The 256 
General Instrument Semiconductor Div., 

General Instrument Corp. 243 
Globe Tool and Engineering Co., The 255 
Grainger, Inc., W. W. 263 
Guardian Electric Manufacturing Co. 232 


Gudebrod Bros. Silk Co., Inc. 
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Hamlin Inc. 

Hansen Manufacturing Co., Inc. 
Hardwick-Hindle, Inc. 

Hartwood Glass & Metals Co, 
Haydon Co., The A. W. 
Heinemann Electric Co. 


Helipot Div. of Beckman Instruments, 
Inc. 190, 


Hevi-Duty Electric Co., A Div. of Basic 
Products Corp. 


Hewlett-Packard Co. 44, 45, 
Honeywell 

Hoover Ball and Bearing Co. 

Hoskins Manufacturing Co. 


Ideal Industries, Inc. 


Indiana Steel Products Div. of Indiana 
General Corp. 


Industrial Devices, Inc. 

Industrial Electronic Engineers, Inc. 
Industrial Timer Corp. 

Instrument Specialties Co., Inc. 
Insulation Manufacturers Corp. 


Johnson Co., E. F. 


Kearfott Div., General Precision Inc. 
Kepco Inc. 


Lamb Electric Co., The., A_ Div. 
American Machine and Metals, Inc. 


Ledex, Inc. 
Leece-Neville Co., The, Georgia Div. 


McGill Manufacturing Co., Inc., Elec- 
trical Div. 


Machinery Electrification, Inc. 
Magnetic Metals Co. 
Magnetics Inc. 


Mallery Controis Co., P. R. Mallory & . 


Co., Inc. 
Markel & Sons, L. Frank 


Melpar Inc., Special Products Div., A 
Sub. of Westinghouse Air Brake Co. 


Metron Instrument Co. 
Micro Switch, A div. of Honeywell 
Miller Co., Rolling Mill Div. 


Minneapolis-Honeywell, Rubicon Instru- 
ments 


Molon Motor & Coil Corp. 
Moseley Co., F. L. 


Motoresearch Manufacturing Co., Inc., 
The 


Motorola. Semiconductor Products Inc., 
A Sub. of Motorola, Inc. 


Mueller Brass Co. 29, 
Mystik Adhesive Products, Inc. 


National Acme Co., The 
National Band & Tag Co. 
National Vulcanized Fibre Co. 
Natvar Corp. 


New Departure, Div. of General Motors 
Corp. 


New Hampshire Ball Bearings, Inc. 


Oak Manufacturing Co. 
Ohmite Manufacturing Co. 


Ozalid Div. of Gonecal Aniline & Film 
orp. 


Panelyte Div., St. Regis Paper Co. 
Permacel .... ; i 
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THESE RUGGED 
JOHNSON VARIABLES 
ARPS Dea aaa 


VIBRATION 
and SHOCK 


| Ceramic-soldered 
' for greater 

1 

i 

i 


strength! 


Parts can't 
break loose... 


capacity can’t 
fluctuate! 


These ceramic-soldered Johnson Type 
““L” capacitors are an ideal choice for 
applications requiring extreme stability 
and strength. Rotor bearings and stator 
support rods are actually soldered direct- 
ly to the heavy %%" thick steatite ceramic 
end frames. Impervious to shock and 
vibration, parts can’t break loose... 
capacity can’t fluctuate. 


SPECIFICATIONS 

Plate spacing is .030” 

rated at 1500 volts 

peck at sea level; over 

300 volts at 50,000 

feet altitude. Plating is 

heavy nickel . . . other 

platings available on DUAL 
special order.Requires  “""=2-""""errnn= 
1%"x1%" panel mount- 

ing area. 


@ For complete infor- 
mation on Johnson Type 
“L” Air Variables or 
other quality Johnson 
components—-write for 
your free copy of our 
newest catalog foday! 


3109-—10TH AVE, S.W. © WASECA, © MINN. 
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This printed circuit disc is the “face’’ 
of a clock that tells time in digital code 


... OF any code your computer, control system, or data proc- 
essing device needs to keep it properly in touch with the 
world of real time.—A. W. Haydon is a company of infinite 
variation when it comes to such analog-to-digital converters, 
or ‘binary encoders’. Time periods range from seconds to 
weeks. Sizes range from miniature to large. They come sealed, 
enclosed or open, with AC, DC, or pulse drive, and with an 
imposing variety of accessory equipment.—The model shown 
is for commerical use. It provides a discrete signal for each 
two-minute interval over a 28-day period. It is used, among 
other places, in an automatic parking lot ticket computing 
system.— This and several other time code generators are 
described in Technical Brochure SP9-2. It’s yours for the ask- 
ing. Similar solid-state devices can be 
supplied by our Culver City, Calif.,facility. 


: a ee E tb a he 
. ee ae 
AWH- orAt ib 
LETTER TDA RON TY OR se 
; é sti rat? % 


234 North Elim Street, Waterbury 20, Connecticut 
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for convenience in checking 


your Inquiry Cards 





ONE Reader Inquiry Service post- 
card (king-size for legibility) will 
bring you additional information re- 
garding material published in this 
issue—either advertising or editorial 
pages. 

Editorial items and _  advertise- 
ments have been assigned a key 
number; corresponding numbers ap- 
pear in the respective grouping of 
the Reader Inquiry Service postcards 
on the facing pages. 

Simply circle the numbers that 
apply to specific items in which you 
are interested. Your information re- 
quests will be forwarded promptly— 
within 48 hours of receipt of card. 
To expedite, please print or type 
your name and address. 


fea Se MME ok al 


Reader 
Inquiry 
Service 


eri: EE ey 


e ADVERTISED PRODUCTS 


For more information on products 
advertised, circle the number in- 
dicated at bottom of each adver- 
tisement. 


REPRINTS OF EDITORIAL 
FEATURES 

Article reprints available without 
charge are listed on page 160. 
For Science & Engineering re- 
prints, see Order Form on page 
165. 


NEW LITERATURE 

Latest catalog and bulletin offer- 
ings start on page 172. 

e NEW COMPONENTS AND 
MATERIALS 


Reviews of new developments 
start on page 192. 


Cards will be processed by Pub- 
lisher if received by August 1, 1961 
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NEW COMPONENTS 656 NEW LITERATURE 932 
101 133 165 187 229 261 293 325 358 391 424 457 | 501 520 539 558 577 597 617 657 736 775 794 813 833 853 
102 134 166 198 230 262 294 326 359 392 425 458 | 502 521 540 559 578 598 618 638 658 678 698 718 738 | 757 776 795 814 834 
103 135 167 199 231 263 295 327 360 393 426 459 | 503 522 541 560 579 599 619 639 659 679 699 719 739 758 777 796 815 835 
104 136 168 200 232 264 296 328 361 394 427 460 | 504 523 542 561 580 600 620 640 660 680 700 720 740/| 759 778 816 
105 137 168 201 233 265 297 329 362 395 428 461 505 524 543 562 581 601 621 641 661 681 701 721 741 | 760 779 798 817 
106 138 170 202 234 266 298 330 363 396 429 462 | 506 525 544 563 582 602 622 642 662 682 702 722 742 761 780 799 818 
107 139 171 203 235 267 507 526 545 564 583 603 623 643 663 683 703 723 743 | 762 781 800 819 
108 140 172 204 236 268 508 527 546 565 584 604 624 644 664 684 704 724 744) 763 782 801 820 
108 141 173 205 237 269 509 528 547 566 585 605 625 645 665 685 705 725 745 | 764 783 802 821 
110 142 174 206 238 270 510 529 548 567 586 606 626 646 666 686 706 726 746 784 803 822 
111 143 175 207 239 271 511 530 549 568 587 607 627 647 667 687 707 727 747 | 766 804 823 863 
144 208 272 512 531 550 569 588 608 628 648 668 688 708 728 748 | 767 786 805 824 844 864 
145 209 513 532 551 570 589 609 629 649 669 689 709 729 749 | 768 787 806 825 845 865 
514 533 552 571 590 610 630 650 670 690 710 730 750 788 826 866 


515 534 553 572 591 
554 


an 
— 
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631 651 671 691 711 731 751 827 
828 
829 
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792 


REPRINTS 
901 903 905 
902 904 906 











Individual 
Title Dept. or Div. 
Company 
Street City Zone State 
Not good after August 1, 1961 June @ 1961 









































338 
338 
340 
341 
342 
343 
120 152 184 216 248 280 312 344 377 
345 
346 
347 
348 
349 
350 





ADVERTISED PRODUCTS OR SERVICES 390 NEW COMPONENTS NEW LITERATURE 932 #52 
101 133 165 187 229 261 283 325 358 391 424 457 520 539 577 756 775 794 813 833 853 
102 134 166 198 230 262 294 326 359 392 425 458 | 502 521 540 559 578 598 618 757 776 795 814 834 854 
103 135 167 199 231 263 295 327 360 393 426 459 | 503 522 541 579 599 619 758 777 796 815 835 855 
104 136 168 200 232 264 296 328 361 394 427 460 | 504 523 600 620 759 778 797 816 836 856 
105 137 168 201 233 265 297 329 362 395 428 461 505 601 621 760 779 798 817 837 857 
106 138 170 202 234 266 298 330 363 396 429 462 | 506 525 602 622 761 780 799 818 838 658 
107 139 171 203 235 267 299 331 364 397 430 463 | 507 526 603 623 762 781 800 819 839 859 
108 140 172 204 236 268 300 332 365 398 431 464 604 624 763 782 801 820 840 860 
109 141 173 205 237 269 301 333 366 399 432 465 605 625 764 783 802 821 841 861 
110 142 174 206 238 270 302 334 367 400 433 466 606 626 765 784 803 822 842 862 
111 143 175 207 238 271 303 335 368 401 434 467 627 766 785 804 823 843 863 
112 144 176 208 240 272 304 336 369 402 435 468 628 767 786 805 824 644 864 
113 145 177 208 241 273 305 337 370 403 436 469 629 768 787 806 825 845 865 
114 146 178 210 242 274 306 371 404 437 470 630 769 788 807 826 846 866 
115 147 179 211 243 275 307 372 405 438 471 631 770 788 808 827 847 867 
116 148 180 212 244 276 308 373 406 439 472 632 771 790 809 828 848 868 
117 149 181 213 245 277 309 374 407 440 473 633 772 791 810.829 849 869 
118 150 182 214 246 278 310 375 408 441 474 634 773 782 811 830 850 870 
119 151 183 215 247 279 311 376 409 442 475 635 774 793 812 831 851 871 

443 

44g 

445 

446 

447 

448 

449 

450 











410 476 
121 153 165 217 249 281 313 378 411 477 
122 154 186 218 250 282 314 378 412 478 
123 155 187 219 251 283 315 380 413 473 
124 156 188 220 252 284 316 381 414 480 
125 157 189 221 253 285 317 382 415 481 
126 158 190 222 254 286 318 383 416 482 ees 
127 159 191 223 255 287 319 351 384 417 483 Title Dept. or Div. 
128 160 1982 224 256 288 320 352 385 418 451 484 ii 
452 485 Company 
as Street City Zone State 
487 
488 


& § 





Not good after August 1, 1961 June @ 1961 





VERTISED PRODUCTS OR SERVICES NEW COMPONENTS NEW LITERATURE e32 














| 133 165 197 229 261 293 325 358 391 424 457 | 501 520 539 558 577 756 775 794 813 833 
2 134 166 198 230 262 294 326 359 392 425 458 | 502 521 540 559 578 757 776 795 814 834 
} 935 167 199 231 263 295 327 360 393 426 459 522 541 560 579 758 777 796 815 835 
| 136 168 200 232 264 296 328 361 394 427 460 523 542 561 580 759 778 797 816 836 
} 137 169 201 233 265 297 329 362 395 428 461 524 543 581 760 779 798 817 837 
|} 138 170 202 234 266 298 330 363 396 429 462 525 544 761 780 799 818 838 
| 139 171 203 235 267 299 331 364 397 430 463 526 545 583 762 800 819 
} 140 172 204 236 268 300 332 365 398 431 464 527 546 584 763 782 801 820 840 
) 141 173 205 237 269 301 333 366 399 432 465 528 547 764 783 802 821 841 
} 142 174 206 238 270 302 334 367 400 433 466 529 548 586 765 784 803 842 
| 143 175 207 239 271 303 335 368 401 434 467 530 549 766 843 
1 144 176 208 240 272 304 336 369 402 435 468 531 550 844 
| 145 177 209 241 273 305 337 370 403 436 469 532 845 
| 146 178 210 242 274 306 338 371 404 437 470 533 846 
| 147 179 211 243 275 307 339 372 405 438 471 534 847 
} 148 180 212 244 276 308 340 373 406 439 472 535 848 
| 149 181 213 245 277 309 341 374 407 440 473 536 849 
| 150 182 214 246 278 310 342 375 408 441 474 537 850 
} 151 183 215 247 279 311 343 376 409 442 475 538 
| 152 184 216 248 280 312 344 377 410 443 476 REPRINTS 

153 185 217 249 281 313 345 378 411 444 477 

154 186 218 250 282 314 346 379 412 445 478 eee 

155 187 219 251 283 315 347 380 413 446 479 yao inne 

156 188 220 252 284 316 348 381 414 447 480 

157 189 221 253 285 317 349 382 415 448 481 
| 158 190 222 254 286 318 350 383 416 449 482 anaes 
| 159 191 223 255 287 319 351 384 417 450 483 Title Dept. or Div. 
} 160 192 224 256 288 320 352 385 418 451 484 
} 161 193 225 257 289 321 353 386 419 452 485 Company 
) 162 194 226 258 290 322 354 387 420 453 486 sine City Send State 

163 195 227 259 291 323 355 388 421 454 487 
1 164 196 228 260 292 324 356 389 422 455 488 taut qued ultes Regent 2, 2000 June © 1961 


156 188 220 252 284 316 348 381 414 447 480 
157 189 221 253 285 317 349 382 415 448 481 
158 190 222 254 286 318 350 383 416 449 482 
7 159 191 223 255 287 319 351 384 417 450 483 Title Dept. or Div. 





Individual 


VERTISED PRODUCTS OR SERVICES 357 390 423 456 | NEW COMPONENTS NEW LITERATURE e32 
1 133 165 197 229 261 293 325 358 391 424 457 501 520 539 556 577 756 775 813 833 
2 134 166 198 230 262 294 326 359 392 425 458 521 540 559 578 757 776 814 834 854 
3 135 167 199 231 263 295 327 360 393 426 459 522 541 560 579 758 777 815 835 855 
4 136 168 200 232 264 296 328 361 394 427 460 523 542 561 580 759 778 816 836 856 
5 137 169 201 233 265 297 329 362 395 428 461 524 543 562 581 760 779 817 837 857 
6 138 170 202 234 266 298 330 363 396 429 462 525 544 563 582 761 780 818 838 858 
7 1398 171 203 235 267 299 331 364 397 430 463 526 545 564 583 762 819 839 859 
8 140 172 204 236 268 300 332 365 398 431 464 527 546 565 584 763 782 820 840 860 
8 141 173 205 237 269 301 333 366 399 432 465 547 566 585 764 783 641 861 
0 142 174 206 238 270 302 334 367 400 433 466 548 567 586 765 784 842 862 
1 143 175 207 239 271 303 335 368 401 434 487 549 568 587 766 785 863 
2 144 176 208 240 272 304 336 369 402 435 468 550 569 588 786 864 
3 145 177 209 241 273 305 337 370 403 436 469 589 768 865 
4 146 178 210 242 274 306 338 371 404 437 470 590 769 788 866 
5 147 179 211 243 275 307 339 372 405 438 471 770 789 867 
6 148 180 212 244 276 308 340 373 406 439 472 592 , 790 868 
7 149 181 213 245 277 309 341 374 407 440 473 593 772 869 
8 150 182 214 246 278 310 342 375 408 441 474 594 792 870 
9 151 183 215 247 279 311 343 376 409 442 475 595 793 
0 152 184 216 248 280 312 344 377 410 443 476 REPRINTS 
1 153 185 217 249 281 313 345 378 411 444 477 801 903 905 
2 154 186 218 250 282 314 346 379 412 445 478 

902 904 906 
3 155 187 219 251 283 315 347 380 413 446 479 
4 
5 
6 








8 160 192 224 256 288 320 352 385 418 451 484 i a are lellee  e 
9 161 193 225 257 289 321 353 386 419 452 485 Company 
0 162 194 226 258 290 322 354 387 420 453 486 Sea pee City Saen State ; 


1 163 195 227 259 291 323 355 388 421 454 487 
32 164 196 228 260 292 324 356 389 422 455 488 
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y MINILOK’ 


CRIMP-TYPE CONNECTORS 
FOR MINIATURIZED 
ELECTRONIC PACKAGING 


Space-saving compactness. . 
occupies only 4% the volume formerly 
required for modular terminal 

block connectors...permits 100 
connections in only 2'4% inches! 


Modular versatility: top and side 
modules quickly interlocked on the 
same track ...plastic track easily cut 
to desired length...varied bussing 
arrangements available...snap-in 
HYTIP® contacts simplify wiring 
assembly and circuit changes. 


Proven performance: now in volume 
production...embody field proven 
features ...track, modules and end 
clamps molded of tough plastic ... 
improve dielectric characteristics... 
proven high-speed HYTIP contact 
installation tooling cuts installed costs 
and insures maximum reliability. 


i Tre oc “2-a-lep Se demidmmes together! 


°F 


enema. 


For complete dimensional and performance data on MINILOK and other Burndy cennectors contact 


NORWALK, CONNECT. BiICC—BURNDY Ltd. Prescot, Lancs., England in Europe: Antwerp, Belgium TORONTO, CANADA 
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cortited THERM 


2° to &F Differential Standard 

1° to 4°F Differential Special 
*Maximum spread of 6°F 
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